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LECTURE  XXXVn. 


Of  the  Copernican  System. 


AVING  flievvn  you  the  appearances  of  the 

heavenly  bodies  as  fcen  from  the  earth,  it 

will  be  now  proper  to  fhew  you  why  the  motions 
of  the  planets  appear  to  us  fo  different  from  what 
they  really  One  of  the  ends  for  w^hich  man  was 
formed,  is  to  corredf  appearances  and  error  by  the 
invdligation  of  truth  ; whoever  confiders  him  at^ 
tentively  from  infancy  to  manhood,  and  from  man- 
hood to  old  age,  wdll  find  him  ever  bufy  in  endea- 
vouring to  find  fome  reality  to  fupply  the  place  of 
thole  falfe  appearances,  by  which  he  has  hitherto 
been  deceived.  Thus,  it  is  the  bufincfs  of  the  pre- 
fent  Ledure,  to  corred  the  errors  that  arife  from 
appearances  in  the  heavens,  and  to  prove  the  truth 
VoL.  IV.  13 
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of  the  Coper ni can  Syjlevty  'which  is  no"w  generally 
received,  bccaule  it  rationally  accounts  for,  and  ac- 
cords with  the  phenomena  of  the  heavens.  In 
this  fyftem,  the  fun  is  placed  in  the  center,  and  - 
the  earth  and  other  planets  revolve  round  him  as 
their  center. 

There  are,  however,  drong  rcafons  for  be- 
lieving that  fomc  of  the  fages  of  antiquity 
were  acquainted  with  the  true  folar  fyftem 
as  revived  by  Copernicus.  It  was  the  imiver- 
lal  doedrine  of  the  Pythagorean  fchool,  and  is 
clearly  marked  out  as  fiich  by  Arilrotle  : for  thefe, 
fays  he,  allert  that  fire  is  in  the  midfl;  of  the  world, 
and  that  the  earth  is  one  of  the  heavenly  bodies. 
He  afterwards  fpcaks  of  a let  of  men,  who  held  a 
fydem  cfTentially  fimilar  to  that  of  the  modern 
Seirtitychonic.  Eudenaus,  in  his  hiftory  of  afro- 
nomy,  as  cited  by  Anatolius,  fays,  that  Anaximan- 
der was  the  firf  who  difeovered  the  earth  to  be  one 
of  the  heavenly  bodies,  and  to  move  round  the  cen- 
ter of  the  world.  Arifarchus  held  that  the  earth  is 
carried  round  the  fun,  in  the  circumference  of  a 
circle,  of  which  the  fun  itfelf  is  the  center ; and 
that  the  Ipherc  of  the  fixed  liars  is  fo  immenfe, 
that  the  circle  of  the  earth’s  annual'  orbit  bears  no 
greater  proportion  to  it,  than  the  center  of  any 
Iphere  bears  to  it’s  whole  furface.  Philolaus,  and 
others,  declared  the  motion  of  the  fun,  round 
about  the  earth,  to  be  only  apparent.  They  faw 
and  felt  the  importance  of  his  globe  over  our’s, 
and  fuppoling  it’s  influence  to  extend  to  much 
larger  bounds  than  that  of  the  earth,  they  placed 
it  in  the  center  of  the  univerfe.  Among  the  Ro- 
mans, we  find  that  Numa  built  a temple  to  repre- 
fent,  as  Plutarch  interprets  it,’*'  the  fyltem  of 

the 

* Tkofc  that  want  farther  information  on  this  head,  may  con 
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t.hc  heavens,  with  a facrcd  fire  in  the  center 
of  it. 

Thus  alfo  in  the  Jewifh  tabernacle,  the  feven 
lights  had  a reference  to  the  feven  chief  lights  of 
the  heavens.  Hence  alfo  the  heavens  arc  called 
in  facrcd  writ  the  tabernacle  of  the  fun;  the  whole 
of  our  fyftcm  dwelling  within  his  influence.  The 
foregoing  citations  are,  we  prefume,  fufticient  to 
Ihcw  that  the  ancients  were  not  ignorant  of  the  true 
folar  fyftcm. 

But  ftill  it  was  no  general  perfuafion,  nor  does 
it  feem  ever  to  have  been  mentioned  after  the 
time  of  Ptolemy^  who  adopted  that  fyftcm  which 
now  goes  under  his  name  ; his  fyftcm,  though  er- 
roneous, was  ingenious;  with  it  the  world  was  con- 
tent for  many  ages.  It  was  then  confidered  as 
founded  upon  invincible  demonftration ; as  a fa- 
cred  truth  that  could  not  be  weakened  by  the 
powers  of  controverfy,  or  ftiaken  by  the  fluctuations 
of  opinion. 

“ But  at  the  appointed  time  when  it  pleafcd 
the  SUPREME  DISPENSER  of  good  gifts  to  rcftorc 
light  to  a bewildered  world,  and  more  particularly 
to  manifeft  his  wifdom  in  the  fimplicity  as  well  as 
the  grandeur  of  his  works,  he  opened  the  feene 
with  a revival  of  found  aftronomy.* 

This  obfervation  of  the  prefidcnt  of  the  Royal 
Society  well  worthy  your  attention  ; it  will  open 
your  views  of  Divine  Providence,  which  is  a to- 
pic that  ought  to  be  fet  in  every  pofliblc  light 
that  can'*make  it  either  more  clearly,  or  more  ge- 
nerally underftood.  If  you  look  through  the  hiD 
tory  of  paft  ages  from  the  early  periods  of  the  paf- 

^ 2 toral 

fu!t  the  notes  to  Sydenham’s  tranflation  of  tlie  Rivals  of  Plato 
Duten’s  Inquiries  into  the  Origin  of  the  Difeoveries  attributed 
to  the  Moderns  ; Jones’s  Eflay  on  the  frra  Ptinciplcsof  Natural 
Philofophy  ; Baillie  Hidoirc  de  I’Aflronomic  ancienne* 

* Sir  John  Pringle’s  Six  Difcourl'es,  p.  qj*. 


4 


Lectures  on  Natui^al  Philosophy. 

toral  and  patriarchal  life,  you  will  fee  arts  and  fei- 
ences  progreffively  advancing  ; fometimes  indeed 
hiiried  for  a fong  inlervaf  but  again  reviving  with 
new  fplendor.  \'ou  fee  philofophy  and  religion 
advancing,  and  though  fcinetimcs  deformed  by 
fuperjiiiiony  and  unnatural  fydems  of  albeifniy  yet 
fuccellively  recovered  from  the  dreams  of  the  en- 
thuf  alT,  and  the  fubtlcty  of  the  atheift.  If  you  fee 
feeptifm  and  infidelity  making  frequent  attacks 
upon  facred  truilis,  you  may  red  fatished  that  thefc 
attenn.'its  will,  in  due  time,  magnify  it’s  power,  in- 
creafe  it’s  Itonots,  and  advance  it’s  triumphs. 

There  is  noiiian  but  v;hat,  with  refpect  to  the 
arts  and  improveatents  of  life,  looks  back  with 
pitv  on  pad  times,  compared  wuth  his  own;  and 
philoro|:>hy  never  extended  the  province  of  human 
knowledge  fo  far  and  wide  as  wdtliin  the  lalf  cen- 
tury. It'  is  thus  alfo  w ith  divine  knowledge  ; this 
has  had  the  fame  .gradation  and  order  of  progref- 
fion,  nature  and  krtc,  type  7\\-\d  JbadoWy  l\  t fuljiance 
the  archetype  ; the  kingdom  of  Qoo  is  llill 
advancing  and  the  evidences  of  his  adminiftration 
and  attributes  dill  opening  ; every  thing  evinces 
that  a grand  delign  has  been  carrying  on  Irom  the 
carried  account  of  hidory  by  a remarkable  courfe 
of  Providence,  for  the  benciit  of  the  w hole  human 
race. 

(d)D  pervades  infuiity,  and  fees  through  eter- 
nity ; he  lees  the  cf’m/ 'not  only  as  druggling  wuth 
cries  and  rears,  but  he  fees  in  the  child  the  advan- 
c inn  and  full  grov.  n man.  While  we  fee  partially 
and  therefore  impeiiebLly  the  linglc  and  uncon- 
neci'ed,  or  perhaps  only  the  lowed  link  of  the  ex- 
tended and  univeiial  chain  ol  being  ; God  fees  the 
w hole  and  every  part  in  their  origin,  their  connec- 
tion, tlieir  progreilion,  and  confiimmation. 

From  the  fall  to  the  prefent  day,  God  has 
been  working  for  our  happinefs,  in  the  only  way 

proper 
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proper  to  difplav  his  goodnefs,  and  m \ke  us  fen- 
lible  of  his  mercies.  Hs  adminiflers  his  blclTings 
as  we  arc  able  to  bear  them  ; he  is  the  fountain  of 
eternal  good,  but  we  arc  not  fo  capable  of  receiv- 
ing as  he  is  of  comnumicating.  As  our  powers 
are  enlarged,  and  our  nature  rehned,  our  pleafures 
w ill  improve,  and  our  happinefs  advance."^ 

The  univerfc  is  the  liage  and  theatre  of  God, 
carrying  on  the  whole,  and  every  part  from  greater 
to  lefs  perfeclion,  and  drawing  jn  jufl  proportion 
all  the  creatures  to  himfelf.  Almighty  goodnefs 
neither  flumbers  nor  fleeps,  but  is  ever  labouring 
to  advance  our  ftate  ; we  are  fuff  brought  into 
life,  from  life  advance  to  re^fon,  from  reafon  to 
virtue,  virtue  to  grace,  and  grace  tb  glory. 

It  is  divine  love  that  throu5^h  eternity  isldraw- 
ing  order  from  confufion,  railing  harmony  from 
leeming  difeord,  building  llrength  on  weaknefs, 
and  happinefs  on  the  mifery  of  it’s  creatures. 
Love,  eternal  love,  Ihines  in  the  ruded:  as  in  the 
gayell,  in  the  darkelf  as  in  the  brighteft  feenes  of 
nature,  in  the  ftill  fmall  voice  as  in  the  thunder  of 

B 3 almighty 


* ‘'TItc  means  which  God  vouchfafes  to  employ  for  the  pci- 
fc6l  overthrow  of  the  Devil's  kingdom,  arc  not  (uch  us  he  might 
be  expected  fo  put  in  ufe,  if  his  omnipotence  were  alone  re- 
garded ; but  they  are  fuch  as  are  conlidcnt  with  the  free  agency 
of  nian,  and  fuch  as  are  adapted  to  the  nature  of  man  as  a ra- 
tional and  moral  agent  ; and  adapted  (o  the  jufiice,  and  wnldom, 
and  mercy  of  (iod  in  his  dealings  with  fuch  a creature. ” — He 
abflains  therefore  -from  all  fummarv,  abrupt,  coercive  meaOires, 
and  he  employs  no  other  means  than  thole  of  perfuafion  and  ar- 
gument, invitation  and  threatening.  It  is  veiy  obvious,  that 
ages  rnuft  elapfe  before  ihefe  means  can  produce  their  full  efl’eff: ; 
tliat  the  progrefs  of  the  work  will  not  only  be  gradual,  but  liable 
to  temporary  interruptions;  infomuch,  that  it  may  at  limes 
feem  to  go  backward  as  often  as  particular  circumHances  in  the 
affairs  of  the  world  draw  away  the  attention  of  men  fioia  the 
doftrine  of  the  golpel,  or  roule  an  extraordinary  oppofuion  of 
rheir  pafhons  to  it’s  precepts.”  Bp.  Hoifley’s  Sermon  for  the 
Philanthropic  Society,  March  25,  17^2. 


6 Lectures  on  Natural  Philosophy. 

almighty  power;  in  the  tempeft  as  in  the  calm, 
in  the  horrors  of  winter  as  in  the  bloom  of  fpring 
or  plenty  of  autumn.  Love,  fupreme  love,  is  infi- 
nite and  inexhauftible,  and  we  only  queflion  the 
means  becaufe  we  fee  not  the  end  and  confuinina- 
tion  of  it’s  operations.* 

Such  are  a fezv  of  the  conclufions  that  may  be 
deduced  from  a view  of  the  advancement  of  arts 
and  fcience,  and  which  we  have  been  led  naturally 
to  confiider  from  feeing  the  long  period  that  elap- 
fed  ere  the  Copernican  fyflem  was  eftabliflied  ; and 
there  is  abundant  reafon  to  prefume,  that  the  pro- 
greflion  obfervable  and  carried  on  from  the  begin- 
ning of  time,  will  ftill  hold  on,  and  know  no  other 
bounds  than  the  tulnefs  of  the  Godhead. 

Summary  View  of  the  Solar  System. 

I {hall  now  proceed  to  give  you  a fummary 
view  of  the  folar  fyffem,  or  that  which  was  revived 
and  drawn  from  obliyion  by  Nicholas  Copernicus, 
about  the  year  1500.  It  is  called  the  folar  fy ft em^ 
bccaufe  the  fun  is  fuppofed  to  be  fixed  in  the  cen- 
ter, V.  ith  our  earth,  and  feveral  bodies  fimilar  there-* 
to,  revolving  round  him  at  different  diftances. 

The  planets Txrt  thofe  bodies  within  our  fyffem 
that  revolve  round  the  fun  ; they  appear  bright  by 
reflcding  the  light  they  receive  from  the  fun,  and 
are  divided  by  aftronomers  into  three  kinds,  pri- 
mary planets y fccondary  planet Sy  and  comets. 

The  primary  planets  are  thofe  bodies  which  in 
revolving  round  the  fun  refpect  him  only  as  the 
center  of  their  courfes,  the  motions  of  which  arc 
r,gularly  performed  in  tracks  or  paths  that  are 

found 


* Hunter’s  Sermons  on  Divine  Providence. 
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found  to  be  Jicdvly  circular  3.nd  concentric  to  each 
other. 

A fecondary  planet,  commonly  called  ts.  fatel- 
Ute  or  moon,  is  a body,  which,  while  it  is  cariied 
round  the  fun,  does  alfo  revolve  round  a primary 
planet,  which  it  rcfpecls  as  a center. 

Comets  are  bodies,  which  are  alfo  fuppofed  to 
revolve  round  the  fun  ; the  planets  appear 
ne7it  in  the  fydem,  but  comets  only  oceux  acciden-- 
■tally  : they  arc  named  comets  from  their  beir.g 
ufually  attended  with  long  tails,  fancied  by  fome  to 
refemble  hair.  The  theory  of  their  motions 
amounts  at  prefent  to  little  better  than  rude  con- 
ye  cl  lire. 

The  path  deferibed  by  a planet  in  it’s  motion 
round  the  fun,  is  called  it’s  orbit. 

Jn  fpeaking  of  orbits,  nothing  more  is  meant 
than  an  imaginary  circle  defining  the  path  they 
deferibe,  and  in  which  they  are  retained  by  a ce- 
leitial  but  continuous  mcchanifm. 

d'hcrc  are  feven  primary  planets  ufually  reck- 
oned in  order  from  the  fun  j their  names  and 
marks  arc. 


Mercury.  Venus.  The  Fanh.  Mars.  Jupiier.  Saturn.  Ccorsium  Sidus, 


® i 'li- 


h 


H 


Mars,  Jupiter,  Saturn,  and  the  Georgium  Si~ 
diis,  are  called  Jiiperior  planeis,  bccaule  their  orbits 
include  that  of  the  earth. 

Venus  and  Mercury  arc  called  inferior  planets, 
bccaufe  their  orbits  arc  contained  within  the 
earth’s. 

By  the  allillanccof  tclcfcopcs  /cco/zr/t/.n’  planets 
have  been  difeovered  ; the  Karth  is  attended  by 
one,  Jupiter  by  four,  Saturn  by  feven,  and  the 
Georgium  Sidus  by  two. 

This  diagram  {pi.  Ajlronomy,)  repre- 
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lents  the  folar  fyflem,  O in  the  center  reprefents 
the  fun,  AB  the  circle  deferibed  by  Mercury  in 
moving  round  the  fun,  C D that  in  which  Venus 
moves,  F G the  orbit  of  the  earth,  H K that  of 
Mars,  IN  that  of  Jupiter,  O P the  path  of  Saturn, 
QR  the  orbit  of  the  Georgium  Sidus. 

Every  primary  planet  is  fuppofed  to  have  two 
motions,  i.  the  annual ; 2.  the  diurnal. 

The  ANNUAL  MOTION  ot  a plauct  is  that  where- 
by it  is  carried  in  it’s  orbit  round  the  fun,  which 
in  every  one  is  found  to  be  in  the  faiTie  dircdion 
from  weji  to  eajl. 

This  motion,  as  you  have  feen,  is  difeovered 
by  the  planets  changing  their  places  in  the  celef- 
tial  fphere,  where  they  appear  to  move  among  the 
fixed  liars  ; and  in  certain  times  to  return  to  the 
fame  ftars  from  which  they  were  feen  to  depart, 
and  fo  on  continually. 

The  diurnal  motion  of  a planet  is  that  by 
which  it  turns  or  fpins  about  it’s  axis  ; this  like 
their  annual  motion  is  from  weft  to  eaft. 

I'his  motion  is  difeovered  by  the  fpots  that 
are  feen  by  telcfcopcs  on  the  furface  of  the  pla- 
nets ; before  the  difeovery  of  telefcopes,  it  was 
not  fufpecled  that  the  planets  had  a rotatory 
motion. 

By  continued  obfervation,  the  fpedlator  finds 
that  thefe  fpets  change  their  places,  and  move  from 
one  fide  of  the  planet  to  the  other  ; then  difappear 
for  a certain  fpace  of  time;  after  which,  they 
again,  for  a while,  become  vifible  on  the  fide 
where  they  were  firll  feen,  always  continuing  the 
fame  morion  nearly  in  an  uniform  manner.  1 he 
diffance  bcfweeen  the  fpots  grow  w ider  as  they  ad- 
vance fiom  the  edge  towards  the  middle  of  the  plau 
net,  and  then  gto'A  s narrow  again  as  they  pafs  from 
the  middle  to  the  other  edge.  The  time  they  are 
feen  on  the  planet’s  difk,  is  fomewdiat  Icfs  than  the 

time 


On  Astronomy. 


9 


time  of  their  difappcarance  ; they  arc  Firft  fccn  on 
the  eafTcrn  margin  of  the  planet,  and  difappcar  on 
the  wcflernhde  or  limb. 

From  thefe  circumhances  it  is  concluded,  firft, 
that  thefe  fpots  adhere  to  the  body  of  the  planet; 
and  fccondly,  that  each  planet  is  a globe  turning 
on  it’s  axis. 

It  may  not  be  improper  to  obferve  to  you,  that 
the  axis  of  a planet  is  only  an  imaginary  line  con- 
ceived to  be  drawn  through  it’s  center,  and  about 
which  it  is  conceived  to  turn  in  the  courfe  of  it’s 
revolution  round  the  fun.  A ball  whirled  from  the 
hand  in  the  open  air,  turns  round  upon  a line 
within  itfelf,  while  it  is  moving  forward  ; fuch  a 
line  as  this  is  meant  when  we  fpcak  of  the  axis  of 
a planet. 

The  fun  and  moon,  the  ftars  and  planets,  ap- 
pear to  be  ail  at  an  equal  diftance  from  us ; though 
it  is  highly  probable,  that  fomie  of  the  liars  are 
niany  millions  of  times  nearer  to  us  than  others. 
The  fun  is  dcmonllrated  to  be  nearer  than  any  of 
the  liars.  The  moon  and  feme  of  the  jolanets  are 
known  by  ocular  proof  to  be  nearer  to  us  than  the 
fun,  becaufe  they  fornctimes  come  between  it  and 
our  eye,  and  hide  the  whole,  or  a great  part  of  his 
dilk  from  our  view.  They  all,  however,  appear 
equally  dillant,  and  as  if  placed  in  the  furface  of  a 
fpherc,  whereof  our  eye  is  the  center,  in  whatever 
place,  therefore,  a lpc(!lator  rdides,  w hether  it  be 
on  this  earth,  in  the  fun,  or  in  the  regions  of  Sa- 
turn,  he  will  conlldcr  tl.at  place  as  the  center  of 
the  world  ; for  it  \vill  be  to  him  the  center  of  a 
fpherical  furface,  in  which  all  diftant  bodies  appear 
to  be  placed  ; lor  uhilc  he  remains  in  the  laiTe 
place,  he  cannot  judge  properly  of  the  diftance  of 
furrounding  objects,  at  leall  of  thofe  which'  are 
placed  bevond  the  ordinary  reach  of  his  view  ; for 
beyond  that  dillance  all  the  principles  by  which 

we 
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we  form  our  general  judgment  fail  us,  and  we  can 
only  tell  which  is  ncarclt,  or  that  which  is  furthefl:, 
by  our  own  motion^  or  that  of  the  objevfls. 

To  illulfratc  this,  let  us  fuppofe  a number  of 
lamps  to  be  placed  irregularly  at  different  diftanccs 
from  the  eye  in  a dark  nig'ht.  Now,  if  in  this  cafe 
we  fuppofe  the  darknefs  to  be  fo  complete  that  no 
intermediate  objecls  can  be  feen,  no  difference  in 
colour  obferved,  nor  any  [verception  of  a conver- 
gence toward  the  point  of  fight,  our  judgment 
could  not  affift  us  in  diffinguilliing  the  diftance 
of  one  from  the  other;  they  would  therefore  all 
feem  to  be  at  an  equal  di fiance  from  the  fpcc- 
tator. 

Each  planet  is  obferved  to  pafs  through  the 
conffellations,  Aries^  Taurus^  Gemini,  Cancer,  Leo, 
Virgo,  Libra,  Scorpio,  Sagittarius,  Capricornus, 
Aquarius,  Pijees  ; and  it  alfo  appears,  that  every 
one  has  a track  peculiar  to  itfelf,  and  that  they 
never  move  out  of  a certain  fpace  or  zone  of  the 
heavens,  which  is  called  the  zodiac. 

By  obferving  the  planets  in  their  periodic  re- 
volutions among  the  fixed  liars,  it  is  found  that  the 
paths  of  the  planets  are  not  all  in  the  fame  plane, 
but  they  crofs  each  other  in  different  parts  of  the 
heavens.  As  they  thus  move  in  planes  that  arc 
differently  inclined  to  each  other,  it  became  nc^ 
cefiary  to  refer  them  all  to  one  plane,  in  order  both 
to  judge  more  accurately  of  their  inclination,  and 
to  avoid  the  intricacies  of  calculation  ; this  plane 
thus  became  a ffandard,  and  was  confidercd  as 
having  no  obliquity;  all  the  reft  are  laeferred  there- 
to. For  this  purpolc  aflronomers  have  fixed  upon 
the  ecliptic  or  orbit  of  ihc  earth. 

The  plane  of  the  ecliptic  is  fiippofcd  to  divide 
the  celellial  fphere  into  tv o equal  parts,  called  the 
jiorlbcrn  and  foiilheyn  celcjlial  hcmifphcrcs  ; and  any 
body  tn  cither  of  thefe  hcmifphcrcs,  is  faid  to  have 
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north  or  fouth  latitude,  according  to  the  hemi- 
fphere  it  is  in.  The  latitude  of  a ccleftial  objed 
is  it’s  neareft  diflance  from  the  ecliptic  taken  on 
the  fphere. 

The  planets  are  obferved  to  be  fometimes 
on  the  northern  and  fometimes  on  the  fouthern 
fide  of  the  ecliptic,  fo  that  their  ref^x'dive  planes 
cut  the  ecliptic  in  two  oppofite  points  called  nodes; 
or,  in  other  words,  the  nodes  of  a planet’s  orbit  arc 
the  two  points  where  it  interfedts  the' ecliptic. 
1'hus,  let  A 3,  pL  3,  reprefent  the  eclip- 

tic, B K D F the  orbit  of  a planet,  the  points  B and 
D are  the  two  nodes. 

■ One  is  called  the  aj tending  nodt\  and  is  ufu- 
ally  marked  thus  Q,  ; it  is  that  through  which  the 
planet  pafTes  when  it  moves  out  of  the  fouthern 
into  the  northern  hemifpherc.  The  otlier  node 
through  which  the  planet  paifes  in  going  out  of  the 
northern  into  the  fouthern  hemifpherc,  is  called 
the  defeending'  node,  marked  thus 

During  therefore  every  revolution,  each  pla- 
net muft  deferibe  half  it’s  orbit  aliove  the  plane 
'of  the  ecliptic,  the  other  half  below.  They  have 
therefore  a north  latitiide,  while  they  deferibe  one 
half  of  their  orbit;  and  a fouth  Latitude,  while 
they  deferibe  the  other  half. 

The  feveral  orbits  do  not  crofs  the  ecliptic  at 
the  fame  point,  or  with  the  fame  angles  ; their 
nodes  are  at  different  parts pf  the  ecliptic. 

A right  line  joining  the  two  nodes  of  any  pla- 
net, is  called  the  line  of  the  nodes. 

The  line  of  the  nodes  paifes  through  the  fun, 
for  as  the  motion  of  every  planet  is  in  a plane  paf- 
fing  through  the  fun,  confcqucnily  the  mterfedtion 
of  thefc  planes,  that  is,  the  line  of  the  nodes,  muff 
alfo  pafs  through  the  fun. 

You  may  render  the  inclination  of  the  planet’s 
orbits  to  each  other  familiar  to  your  mind,  by  tak- 
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ing  as  many  hoops  as  there  are  planets,  with  a wire 
thruft.  through  each,  and  thereby  .joined  to  that 
hoop  which  reprelents  the  ecliptic,  and  you  may 
then  let  the  otlicr  hoops  more  or  iefs  obliquely  to 
the  reprefentative  of  the  ecliptic. 

I before  mentioned  to  you  that  the  planets  re- 
volved round  the  fun  in  orbits  nearly  circular  and 
concentric,  for  their  feveral  phenomena  fliew  that 
they  are  not  flridUy  fo.  And  allronomers  have 
found,  that  the  only  curve  they  can  move  in  to  re- 
concile all  the  various  appearances  is  an  elJipJis,  fo 
that  the  orbits  of  the  primary  planets  arecllipfcs  of 
dilferent  curvatures,  having  one  comn'jon  focus  in 
vrhich  the  fun  is  h>:ed;  but  every  fecondary  planet 
rel'peCb  the  })rimary  planet,  round  which  it  revolves 
as  the  focus  of  it’s  elliptic  motion. 

To  deferibe  an  cllipjis,  let  a thread,  tied  toge- 
ther at  both  ends,  be  put  over  two  pins  fixed  up- 
right upon  a plane,  at  any  dillance  from  each  other 
'Iefs  than  the  firing  thus  tied  will  reach,  a pen  car- 
ried round  within  the  firing  fo  as  to  keep  it  always 
flretched  out  with  the  fame  tenlion,  will  deferibe 
upon  the  plane  a curve,  wliich  is  the  periphery  or 
circumterence  of  an  elliplis.  JEither  of  the  points 
S,  N,  fig.  4,  p/.  3,  where  the  pins  are  fixed  in  the 
plane,  is  called  the  focus  of  the  elHpfis.  The  fur- 
ther the  foci  are  from  one  another,  the  more  ob- 
long will  the  ellipfis  clefcribcd  with  the  thread  be. 
The  nearer  the  foci  are  to  each  other,  the  nearer 
will  the  ellipfis  be  to  a circle. 

A line  PA,  fig.  4,  tl.  3,  drawn  through  the 
foci  both  ways  till  it  reaches  the  circumference,  is 
callal  the  axis,  and  the  greater  axis  or  longeft  dia- 
meter. A y.oiiu  C taken  in  this  line  equally  dif- 
tant  lr<;m  either  ot  the  foci,  is  called  tl.e  center  of 
the  ellipfis.  A line  'f  V drawn  through  the  center 
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the  circumference  both  ways,  is  called  the  Idler 
axis,  or  ihortdt  diameter.  The  diflaiicc  between 
the  center  and  cither  ot  the  foci,  CN  or  C S,  is  the 
cxcentricity  of  the  elliplis,  which  is  greater  or  lefs, 
as  the  elliplis  is  more  or  lefs  oblong. 

The  orbit  of  every  planet  is  an  ellipfis,  having 
the  fun  in  one  of  it’s  foci.  I hc  axis  PA  of  any 
planet’s  ellipfis,  is  called  the  line  of  the  aplides ; 
the  point  A,  where  the  planet  is  at  it’s  greateft 
diffance  from  the  fun,  is  it’s  aphelion,  or  higher 
aplis  ; the  point  P where  it  is  at  it’s  lead  dilfance 
from  the  fun,  it’s  perihelion,  or  lower  apfis ; theex^- 
treme  points  of  the  Ihortdi:  diameter  TV  arc  thjc 
places  of  it’s  middle  or  mean  didance  from  the 
fun.  A line  ST  or  S V drawn  from  either  of  thofe 
points  to  the  fun,  is  the  line  of  it’s  mean  di dance. 
To  edimate  the  cxcentricity  of  any  planet,  we  fup- 
pofc  the  line  of 'it’s  mean  didance  S T to  be  di- 
videci  into  1000  equal  parts,  and  fay  the  exceatri- 
city  is  fuch  a number  of  thofe  parts. 

The  motion  of  the  planets  in  their  orbits  is 
not  equable;  but  every  planet  obferves  this  rule,  that 
a line  drawn  from  the  lun  to  the  planet  fwceps 
equal  areas  upon  the  plane  of  it’s  elliplis  in  equal 
times  ; therelore  every  planet  moves  fwifted  in  it’s 
pf^'ihelion,  or  do  wed  in  it’s  aphelion,  w ith  a middle 
or  mean  motion  at  it’s  mean  diliance* 

Thus  in  the  figure,  A is  the  place  of  the  aphe- 
lion, P the  placed  the  perihelion,  PA  the  line  of 
aplides,  i’ A is  the  tranfverfe  diameter  of  the  chip- 
i'es,  T V the  conjugate  diameter. 

The  mean  dijiance  of  a planet  from  the  fun,  is 
it’s  didance  from  him  when  the  planet  is  at  either 
extreniity  of  the  conjugate,  diameter,  and  is  e(]ual 
to  half  the  tranfverfe  diameter. 


When  two  planets  are 
lame  lign  equally  advanced. 


feen  together  in  the 
tney  are 'laid  to  be  in 
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conjun&ion  ; but  when  they  are  in  direeft  oppofite 
parts  of  the  zodiac,  they  are  faid  to  be  in  op^ 
pofition. 

The  place  that  any  planet  appears  to  occupy 
in  the  celeftial  hemifpherc,  when  feen  by  an  ob- 
ferver  fuppofed  to  be  placed  in  the  fun,  is  called 
it’s  heliocentric  place,  it’s  heliocentric  latitude, 
ficc. 

The  place  it  occupies  when  feen  from  the  earth, 
is  called  it’s  geocentric  place,  &c. 

A motion  in  the  heavens  in  the  order  of  the 
Hgns,  as  from  Aries  to  Taurus,  &c.  is  faid  to  be  in 
eonfeqnentiay  and  fuch  are  the  real  motions  of  all 
the  planets,  though  their  apparent  motions  are 
fometimes  contrary,  and  then  they  arc  faid  to  move 
in  antecedentia. 

The  points  where  the  celefHal  equator  cuts 
the  ecliptic  arc  found  to  have  a motion  in  antece^ 
dentia  of  about  fifty  fcconds  every  year.  This 
change  of  place  of  the  firft  point  of  the  ecliptic, 
from  whence  the  fp^ns  are  counted,  occalions  a. 
like  change  in  the  figns  themfelves,  which,  though 
fcarce  fenfiblc  for  a few  years,  has  now  become 
very  confiderablc.  Thus,  lince  the  titne  that  af- 
tronomy  was  cultivated  by  the  Greeks,  that  is, 
about  2000  years  ago,  the  firrt  point  of  the  eclip- 
tic is  removed  backward  about  a whole  figii ; and 
though  it  was  then  about  the  middle  of  the  con- 
fi-ellation  Aries,  it  is  npw  about  the  middle  of 
Pifees.  Notwithftanding  this  alteration,  the  figns 
Hill  retain  their  ancient  najnes  and  marks. 

The  longitude  of  a phenomenon  in  the  hea- 
vens is  the  number  of  degrees  counted  from  the 
firfi:  point  of  Aries  on  the  ecliptic,  to  the  place 
where  a circle  of  latitude  drawn  through  the  phe- 
nomenon would^'ut  the  ecliptic  at  right  angles. 

Thus  every  phenomenon  in  the  heavens  is  re- 
ferred to  the  ccliptn-  by  tlic  circles  of  latitude,  as 

the 
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the  long:ltudcs  of  terrcftrial  places  are  referred  to 

cl  ••^11  r* 

the  equator  by  the  meridians  ; and  whatever  iigri 
the  circle  of  latitude  pafics  through,  the  phenomc^ 
non  is  faid  to  have  it’s  place  in  that  lign. 

Of  the  Figure  and  Light  of  the  Planets. 

That  the  fun  and  planets  fpherical  bodies, 
is  evident  from  all  the  obfervations  that  have  been 
made  on  them  ; and  that  the  earth  is  of  the  fame 
figure,  is  not  only  deducible  from  analogy,  but  it  is 
alfo  proved  by  obfervation,  as  I fliall  Ihev/  in  the 
procefsof  thefe  Leftures.  Allronomers,  when  they 
fay  that  the  planets  are  fpherical  bodies,  do  not 
mean  a geometrical  fphere,  but  a figure  called  an 
oblate  fpheroid^  which  is  fomething  like  the  figure, 
that  a flexible  fphere  would  be  formed  into  by 
gently  prcfTing  it  at  it’s  poles.  Obfervations  have 
' determined  this  in  Jupiter,  and  it  is  known  that 
the  earth  is  of  this  figure,  both  from  obfervation 
and  acftual  menfuration. 

That  the  planets  arc  all  opoke^  or  dark  bodies, 
and  confequcntly  fliinc  only  by  the  light  they  re- 
ceive from  the  fun,  is  plain,  bccaufe  they  are  not 
vifibie  when  they  arc  m fuc  h parts  of  their  orbits 
as  arc  between  the  fun  and  earth,  that  is,  w’hcn 
their  illuminated  fide  is  turned  from  us. 

The  fun  enlightens  only  half  a planet  at  once; 
the  illuminated  hemifpherc  is  always  that  which 
is  turned  towards  the  fun,  the  other  hcmifphere  of 
the  planet  is  dark.  To  fpeak  with  accuraev,  the 
fun  being  larger  than  any  of  the  planets,  will  il- 
luminate rather  more  than  half;  but  this  dilfcr^ 
cnce,  on  account  of  the  great  di fiance  of  the  fun 
froni  any  of  the  planets,  is  fo  fmall,  that  it’s  light 
may  be  confidcred  as  coming  to  them  in  lines  pny- 
lically  parallel. 


Like 
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Like  other  opake  bodies,  they  caft  a fnadcrw 
behind  them,  which  is  always  oppofite  to  the  fun. 
The  line  in  the  planet’s  body,  which  diflinguilhes 
the  lucid  from  the  obfeure  part,  appears  fometimes 
flrait,  fometimes  crooked.  The  convex  part  of 
the  curve  is  fometimes  towards  the  fplendid,  and 
the  concave  towards  that  which  is  obfeure;  and 
vice  verfiJ,  according  to  the  fituation  of  the  eye 
with  refpect  to  the  planet,  and  of  the  fun  which 
enlightens  the  planet. 


Of  the  Sun. 

1 

The  fun  is  the  center  of  the  fyUrem,  round 
which  the  reft  of  the  planets  revoivc.  It  is  the 
hrft  and  greateft  object  of  aftronomical  knowledge, 
and  is  alone  enough  to  ftamp  a value  on  the  fcience 
to  which  the  ftudy  of  it  belongs.  The  fun  is  the 
parent  of  the  fcafons  ; day  and  night,  fuinmer  and 
winter,  are  among  it’s  furprifing  eftecis.  All  the 
vegetable  creation  are  the  offspring  of  it’s  beams  ; 
our  own  lives  arc  lupported  by  it’s  inhucnce.  Na- 
I ture  revises,  and  puts  on  a new  face,  w'hcn  it  ap- 
proaches nearer  to  us  in  fpring  ; and  finks  into  a 
temporary  death  at  his  departure  from  us  in  the 
winicr. 

Hence  it  was  with  propriety  called  by  the 
ancients  cor  codi^  the  heart  of  heaven  ; for  as  the 
heart  is  the  center  of  the  animal  fyftem,  fo  is  the 
fun  the  center  of  our  univerfe.  As  the  heart  is  the 
fountain  of  the  blood,  and  the  center  of  heat  and 
motion  ; fo  is  the  fun  the  life  and  heat  of  the 
' world,  and  hr  ft  mover  of  the  mundane  fyftem. 
When  the  heart  ccafes  to  beat,  the  circuit  of  life  is 
at  an  end  ; and  if  the  fun  ihould  ccafc  to  aeft,  a total 
- ftau-nation  would  take  place  throughout  the  whole 
frame  of  nature. 
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By  his  magnetic  beam  he  gently  warms 
The  Liniverfe,  and  to  each  inward  part. 

With  gentle  penetration,  though  unfeen. 

Shoots  invifible  virtue.” 

The  fun  is  placed  near  the  center  of  the  orbits 
of  all  the  planets,  and  turns  round  his  axis  in  25  i 
days.  It  js  inclined  to  the  ecliptic  in  an  angle  of 
eight  degrees.  His  apparent  diameter,  at  a mean 
dihance  from  the  earth,  is  about  thirty-two  mi- 
nutes, twelve  feconds. 

Thofe  who  are  not  accuftomed  to  agronomi- 
cal calculation,  will  be  furprized  at  the  real  mag- 
nitude of  this  luminary;  which,  on  account  of  it’s  • 
dihance  from  us,  appears  to  the  eye  not  much 
larger  than  the  moon,  which  is  only  an  attendant 
on  our  earth.  When  looking  at  the  fun,  you  are 
viewing  a globe,  whofe  diameter  is  above  890,000 
Englifli  miles ; whereas  the  earth  is  not  more  in 
diameter  than  7970  miles  : fo  that  the  fun  is  about 
1,392,500  times  bigger  than  the  earth.  As  it  is 
the  fountain  of  light  and  heat  to  all  the  planets,  fo 
it  alfo  far  furpafles  them  in  it’s  bulk.  In  propor- 
tion as  fcience  has  advanced,  and  more  accurate  in- 
llruments  have  been  made,  the  magnitude  of  this 
luminary  has  been  found  to  exceed  conliderably  the 
limits  of  former  calculations. 

If  the  fun  were  every  where  equally  bright, 
his  rotation  on  his  axis  would  not  be  perceptible  ; 
but  by  means  of  the  fpots,  which  are  vifible  on  his 
pure  and  lucid  furface,  we  are  enabled  to  difeover 
this  motion. 

When  a fpherical  body  is  near  enough  to  ap- 
pear of  it’s  true  figure,  this  appearance  is  owing  to 
the  fhading  upon  the  different  parts  of  it’s  furface: 
for  as  a fiat  circular  piece  of  board,  when  it  is  pro- 
perly fhaded  by  painting  will  look  like  a fpherical 
body ; fo  a fpherical  body  appears  of  it’s  true 
Vot.  I\.  C 
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iliape,  for  the  fame  rcafon  that  the  plane  board,  in 
the  prefent  inhance,  appears  fphcrical.  But  if  the 
fphere  be  at  a great  dillance,  this  difference  of 
Blading  cannot  be  difeerned  by  the  eye,  and  con- 
fcqiicntly  the  fphere  will  no  longer  appear  of  it’s 
true  lhape,  the  ihading  is  then  lofl,  and  it  feems 
like  a Hat  circle. 

It  is  thu5  with  the  fun;  it  appears  to  us  like  a 
bright  Hat  circle,  which  Hat  circle  is  termed  the 
fun's  iiijk.  By  the  afiiHance  of  telefcopes,  dark  fpots 
have  been  obferved  on  this  dilk,  and  found  to  have 
a motion  from  ea(i  to  weft;  their  velocity  is  greater 
when  they  are  at  the  center,  than  when  they  arc 
near  the  limb.  They  are  feen  firft  on  the  caftern 
extremity,  by  degrees  they  come  forwards  towards 
the  middle,  and  lb  pafs  on  till  they  reach  the  w'ef- 
tern  edge;  they  then  difappear;  and  after  they 
have  lain  hid  about  the  fame  time  that  they  conti- 
nued vifible,  they  will  appear  again  as  at  Hrft.  By 
this  motion  \vc  difeover  not  only  the  time  the  fun 
employs  in  turning  round  his  axis,  but  alfo  the  in- 
clination of  it’s  axis  to  the  plane  of  the  ecliptic.'* 

The  page  of  hiftory  informs  us,  that  there  have 
been  periods,  when  the  fun  has  w’anted  of  ir’saccuf- 
tomed  brightnefs,  ftione  with  a dim  and  obfeure 
light  for  the  fpacc  of  a whole  year.  This  ob- 
fciirity  has  been  fuppofed  to_  arife  from  his  fur- 
face  being  at  thofe  times  covered  with  fpots. 
Spots  have  been  lecn  that  were  much  larger  than 
the  earth. 

The  fun  is  fuppofed  to  have  an  atmofphere 

round 

* The  obferver  may  view  the  fpots  of  the  fun  with  a refra£l« 
ing  telcfcopc  of  two  or  three  feet,  or  a reflecling  one  of  12  inches, 
18  inclics,  or  tsvo  feet,  taking  care  to  guard  the  eye  with  a dark, 
glals,  to  take  off  the  glaring  light  ; or  the  image  or  piftm'e  of  the 
fun,  with  his  fpots,  may  be  thrown  into  a dark  room,  tfrrough  a 
tdcfcopc,  and  received  upon  a piece  of  paper  placed  nearer  or 
further  from  the  glafs  at  plealuro. 


On  Astronomy. 


19 


round  it,  which  occafions  that  appearance  which 
is  termed  the  zodiacal  light.  This  light  is  feen  at 
fome  feafons  of  the  year,  cither  a little  after  fun- 
fet,  or  a little  before  fun-rife.  It  is  faintly  bright, 
and  of  a whitilh  colour,  refembling  the  milky 
v/ay.  In  the  morning  it  becomes  brighter  and 
larger,  as  it  rifes  above  the  horizon,  till  the  ap- 
proach of  day,  which  diminiflies  it’s  fplendor,  and 
renders  it  at  laft  invifible.  It’s  figure  is  that  of  a 
flat  or  lenticular  fpheroid,  feen  in  profile.  The 
direftion  of  it’s  longer  axis  coincides  with  the 
plane  of  the  fun’s  equator.  But  it’s  length  is  fub- 
ject  to  great  variation,  fo  that  the  diflance  of  it’s 
furamit  from  the  fun  varies  from  45  to  1 20  de- 
grees. It  is  feen  to  the  beft  advantage  about  the 
folftices.  It  was  firfl:  deferibed  and  named  by 
Caflini,  in  1683  ; it  was  noticed  by  Mr.  Childrey, 
about  the  year  1650. 


Of  THE  Inferior  Planets,  Mercury  an» 

Venus. 


Of  Mercury.  § 

Of  all  the  planets.  Mercury  is  the  leafl: ; at 
the  fame  time,  it  is  that  which  is  nearefl:  the  fun. 
It  is  from  his  proximity  to  this  globe  of  light,  that 
he  is  fo  fcldom  within  the  fpherc  of  our  obferva- 
tion,  being  loft  in  the  fplendor  of  the  folarbright- 
nefs,  yet  it  emits  a very  bright  white  light.  It  is 
oftener  feen  in  thofe  parts  of  the  world,  which 
are  more  fouthward  than  that  which  wx  inhabit  ; 
and  oftener  to  us  than  to  thofe  w^ho  live  nearer 
the  north  pole;  for  the  more  oblique  the  fphere 
is,  the  lefs  is  the  planet’s  elevation  above  the 
horizon, 

C 2 . Mercury 
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Mercury  never  removes  but  a few  degrees 
from  the  fun.  The  meafure  of  a planet’s  repara- 
tion, or  didaiice,  from  the  fun,  is  called  it’s  elon- 
^ation.  His  greateft  elongation  is  little  more 
than  twenty-eight  degrees,  or  about  as  far  as  the 
moon  appears  to  be  from  the  fun,  the  fecond 
day  after  new  moon.  In  fome  of  it’s  revolu- 
tions, the  elongation  is  not  more  than  eighteen 
degrees. 

Mercury  is  computed  to  be  at  about  37  mil- 
lions of  miles  from  the  fun,  and  to  revolve  round 
him  in  87  days,  23  hours,  and  nearly  16  minutes, 
which  is  the  meafure  of  it’s  year,  about  one-fourth 
of  our’s.  As  from  the  ncarnefs  of  this  planet  to 
the  fun,  we  neither  know  the  time  it  revolves 
XOund  it’s  axis,  nor  the  inclination  of  that  axis  to 
the  plane  of  it’s  orbit,  we  are  necelTarily  ignorant 
of  the  length  of  it’s  day  and  night,  or  the  variety 
of  feafons""it  may  be  liable  to.  Mercury  is  3000 
miles  in  diameter,  and  therefore  contains  in  fur- 
face  28,274,400  fquare  miles.  Large  as  Mercury, 
when  thus  confidered,  appears  to  be,  it  is  but  an 
atom,  when  compared  with  Jupiter,  vvhefe  diameter 
is  90,000  miles.  It’s  apparent  diameter,  at  a mean 
dillance  from  the  earth,  is  20  feconds. 

M^ercury  is  fupnoled  to  move  at  the  rate  of 
110,680  miles  per  hour.  I he_  fun  is  above 
26,000,000  times  as  big  as  Mercury  ; fo  that  it 
would  appear  to  the  inhabitants  of  Mercury'^  nearly 
three  times  larger  than  it  does  to  us ; and  it’s  difk, 
or  face,  about  feven  times  the  fize  we  fee  it.  As 
the  other  five  planets  are  above  Mercury,  their 
phenomena  will  be  nearly  the  fame  to  it  as  to  us. 
Venus  and  the  earth,  when  in  oppofition  to  the 
fun,  will  fninc  with  full  orbs,  and  afford  a bril- 
liant appearance  to  the  Mercurian  fpedlatoi. 

Mercury,  like  the  moon,  changes  itL  phafes, 
accordinp- to  it’s  fcveral  pofitions,  with  refped  to 

^ the 
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the  fun  and  earth.*  He  never  appears  quite  round 
or  full  to  us,  bccaufe  his  enlightened  fide  is  never 
turned  diredUy  towards  us,  except  when  he  is  fo 
near  the  fun,  as  to  become  invilible.  The  times  for 
making  the  mod  favourable  obfervations  on  this 
planet,  are,  when  it  palTes  before  the  fun,  and  is 
feen  traverfing  his  difk,  in  the  form  of  a black 
fpot.  This  palTage  of  a planet  over  the  face  of  the 
fun,  is  called  a tr unfit.  It  happens  in  it’s  lower 
conjundtion,  at  a particular  fituation  of  the  nodes. 

If  Mercury,  at  his  inferior  conjunclion,  comes 
to  either  of  his  nodes  about  thefe  times,  he  will 
appear  to  tranfit\o\itx  the  diflc  of  the  fun.  But 
in  all  other  parts  of  his  orbit  his  conjundtions  are 
invifible,  becaufe  he  either  goes  above  or  below 
the  fun. 

Of  Venus.  9 

, Venus  is  the  brighteft  and  largcfl,  to  appear- 
ance, of  all  the  planets,  diftinguifhed  from  them  all 
by  a fuperiority  of  luftre  : her  light  is  of  a white 
colour,  and  fo  confiderable,  that  in  a duflcy  place 
Ihe  projedls  a fenlible  fliade. 

The  diameter  of  Venus  is  7,699  Englifli  miles; 
her  diflance  from  the  fun  is  about  69,500,000 
miles  ; Ihe  goes  round  the  fun  in  224  days,  6 hours, 
49  minutes,  moving  at  the  rate  of  80,955  miles 
per  hour.  Her  motion  round  her  axis  has  been 
fixed  by  fome  at  23  hours,  22  minutes;  by  others 
at  above  days.  She,  like  Mercury,  coiiflantly 
artends  the  fun,  never  departing  from  him  above 
47  or  48  degrees.  Like  Mercury,  Ihe  is  never  feen 
at  midnight^  or  in  oppofition  to  the  Jiiiiy  being  vilible 
only  for  three  or  four  hours  in  the  morning,  or 
evening,  according  as  flie  is  before  or  after  the 
fun. 

C3 


One 
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One  would  not  imagine  that  this  planet,  which 
appears  fo  much  fuperior  to  Saturn  in  the  heavens, 
is  fo  inconfiderable  when  compared  to  it  ; for  the 
diameter  of  Saturn  is  79,979  rniles  ; w hile,  on  the 
other  hand,  one  w^ould  fcarce  imagine  that  Venus, 
w hich  appears  but  as  a lucid  fpangle  in  the  hea- 
vens, w^as  fo  large  a globe  as  IheUruly  is,  her  dia- 
meter being  7 699  miles.  It  is  the  diftance  which 
produces  thefe  effeds  ; w hich  gives  and  takes  away 
the  magnitude  of  things.  Her  apparent  lize  varies 
wdth  her  diftance  ; at  fome  feafons  fhe  appears 
nearly  32  times  larger  than  at  others. 

'When  this  planet  is  in  that  part  of  it’s  orbit 
which  is  weft  of  the  fun,  that  is,  from  her  inferior 
to  her  fuperior  conjundion,  ftie  rifes  before  him 
in  the  morning,  and  is  called  phofphoruSy  or  lucife)\ 
or  the  morning  Jiar.  When  Ihc  appears  eaft  of  the 
fun,  that  is,  from  her  fuperior  to  her  inferior  coiir 
jundion,  fhe  fets  in  the  evening  after  him  ; or  in 
other  words,  fhincs  in  the  evening  after  he  fets, 
and  is  called  hefperuSy  or  vefper^  or  the  evening 
flar. 

The  inhabitants  of  Venus  will  fee  the  planet 
Mercury  alw  ays  accompanying  the  fun ; and  he 
will  be  to  them,  by  turns,  an  evening  or  a morning 
ftar,  as  Venus  is  to  us.  To  the  fame  inhabitants, 
the  fun  will  a^^pcar  almoft  twice  as  large  as  he 
does  to  us. 

Venus,  when  viewed  through  a telefcope,  is 
feldom  feen  to  Ihine  with  a full  face ; but  has 
phafes,  juft  like  the  moon,  from  the  fine  thin  cre- 
feent  to  the  enlightened  hemifphere.  Her  illu- 
minated part  is  conftantly  turned  towards  the  fun  ; 
hence  it’s  horns  are  turned  towards  the  eaft  when 
it  is  a morning  ftar,  and  towards  the  weft  when  it 
is  an  evening  ftar.  Some  aftronomers  have  thought 
they  perceived  a fatellite  moving  round  Venus; 
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"but  as  fucceeding  obfervcrs  have  not  been  able  to 
verify  their  obfervations,  they  arc  fuppofed  to  have 
originated  in  error.  In  obierving  the  traniit  ol 
Venus,  Mr.  Dunn,  and  other  gentlemen,  faw  a pe- 
numbra which  took  place  about  live  fcconds  be-* 
fore  the  contact,  preceding  the  egrefs  of  the  pla^ 
net  ; and  from  thence  they  concluded,  that  it  had 
an  atmofphcrc  of  about  50  geographical  miles  in 
height. 

We  are  told,  that,  when  Copernicus  firfl:  pub- 
liflicd  his  account  of  the  folar  fylfem,  it  was  ob- 
jeded  to  him  that  it  could  not  be  true,  becaufe  if 
it  was,  the  inferior  planets  mull  have  different 
phafes,  according  to  their  different  lituation  with 
refped  to  the  fun  and  earth  ; whereas  they  always 
appear  round  to  us.  The  anfwer  faid  to  be  made 
by  him,  is,  that  they  appear  round  to  the  eye  by 
rcafon  of  their  diftance ; but  it  we  could  have  a 
nearer,  ,or  more  dilliniit  view  of  them,  we  fliould 
fee  in  them  the  fame  phafes  we  do  in  the  moon. 
The  inv-cntion  of  telcfcopes  is  faid  to  have  vcrUied 
this  predidion  of  Copernicus.  But  it  is  neither 
probable,  that  a defender  of  the  Ptolemaic  fyftem 
Ihould  make  fuch  an  objedion,  or  Copernicus  fuch 
an  anfwer;  fince  in  the  Ptolemaic,  as  well  as  in 
the  Copernican  fyffem,  the  ffape  of  thefe  planets 
ought  to  change,  juft  as  the  moon  does;  confeejuent- 
ly,  the  mere  change  of  Jhape  in  the  inferior  pla- 
nets is  an  argument,  which,  in  the  common  way 
of  urging  it,  proves  nothing  at  all  as  to  the  truth 
or  fallhood  of  the  Copernican  fyftem,.  If,  bcfides 
the  changes  of  lhape  made  in  the  inferior  planets, 
we  confider  the  lituation  of  the  planets  with  refped 
to  the  fun,  when  thefe  changes  happen  ; this,  in- 
deed, will  fliew  us,  that  the  Ptolemaic  fyhem  is 
falfc,  as  will  be  feen  in  a fubfequent  part  of  thefe 
J .edures. 
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Taking  the  times  in  which  the  planets  move 
round  the  fun,  for  the  length  of  their  year ; and 
the  times  of  their  turning  round  their  axes,  for  the 
length  of  their  days  and  nights  together ; and  af- 
fuming,  as  true,  the  obfervations  of  Bianchini,  re- 
lative to  the  rotation  of  Venus  round  her  axis  we 
may  fay,  that  a day  and  a night  in  Venus  is  as  long 
as  2 3 -2  days  and  nights  with  us  ; her  axis  inclines 
75  degrees  from  the  axis  of  her  orbit,  on  which 
account  the  length  of  her  oays  and  mghts  differs 
much  more  in  proportion,  and  the  variation  of  her 
feafons  is  greater  than  thofe  of  our  earth.  She 
very  feldom  has  the  forenoon  and  afternoon  of  the 
fame  day  of  an  equal  length.  At  her  equator  flie 
has  the  four  feafons  twice  every  year,  with  other 
peculiarities,  which  are  enumerated  in  larger  trea~ 
tifes  on  this  fubject. 

Venus  is  fometimes  feen  palling  over  the  difk 
t)f  the  fun,  as  a round  dark  Ipot.  Thele  appear- 
ances, which  are  called  tranfits,  happen  very  fel- 
dom; though  there  have  been  tw^o  within  thefe 
few  years,  the  one  in  June,  1761,  the  other  in  June^ 
1769  ; the  next  will  be  in  the  year  1874. 

Of  the  Earth.  0 

The  next  planet  that  comes  before  us  is  the 
earth  that  we  inhabit ; fmall  as  it  really  is  when 
compared  to  fome  of  the  other  planets,  it  is  to  us 
of  the  higheft  importance : we  wilh  only  to  attain 
knowledge  of  others,  that  w'c  may  find  out  their 
relation  to  this,  and  from  thence  learn  our  connec- 
tion with  the  iiniverfe  at  large.  But  when  viewed 
with  an  eye  to  eternity,  it’s  value  to  us  is  height- 
ened in  a manner  that  exceeds  exprellion,  and  fur- 
palfcs  all  the  powers  of  the  human  mind.  He 
alone  can  form  fome  idea  of  it,  who  in  the  regions 

of 
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.of  celeftial  blifs  is  become  a partaker  of  the  length 
and  breadth,  the  depth  and  height,  of  divine  love. 

The  orbit  of  the  earth  is  placed  between  thofe 
of  Venus  and  Mars.  The  diameter  of  the  earth  is 
7920  miles  ; it’s  diftance  from  the  fun  is  nearly 
96  millions  of  miles,  and  it  goes  round  him  in 
a year,  moving  at  the  rate  of  68,856  miles  per 
hour.  It’s  apparent  diameter,  as  feen  from  the  fun, 
is  about  twenty-one  feconds. 

It  turns  round  it’s  axis,  from  weft  to  eaft,  in 
twenty-four  hours,  which  occafions  the  apparent 
diurnal  motion  of  the  fun,  and  all  the  heavenly  bo- 
dies round  it,  from  eaft  to  weft,  in  the  fame  time ; 
it  is,  of  courfe,  the  caufe  of  their  riftng  and  fetting, 
of  day  and  night. 

The  axis  of  the  earth  is  inclined  231.  degrees 
to  the  plane  of  it’s  orbit,  and  keeps  in  a diredion 
parallel  to  itfeif,  throughout  it’s  annual  courfe, 
which  caufes  the  returns  of  fpring  and  fummer, 
autumn  and  winter.  Thus  it’s  diurnal  motion 
gives  us  the  grateful  viciftitude  of  night  and  day, 
and  it’s  annual  motion  the  regular  fucccftion  of 
feafons.  ' 


Of  the  Moon.  ([ 

Next  to  the  ftin,  the  moon  is  the  moft  fplcn- 
didand  ftiining  globe  in  the  heavens,  the  fatellite, 
or  infeparable  companion  of  the  earth.  By  difti- 
pating,  in  fome  nieafure,  the  darknefs  and  horrors 
.of  the  night  ; fubdividing  the  year  into  months  ; 
and  regulating  the  dux  and  reflux  of  the  fea  j ftie 
not  only  becomes  a plealing,  but  a welcome  ob- 
jedl;  an  objea  aflbrding  much  for  fpecuiation  to 
the  contemplative  mind,  of  real  ufe  to  the  navi- 
gator, the  traveller,  and  the  hufbandman.  ITc 
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Hebrews,  the  Greeks,  the  Romans,  and,  in  general, 
all  the  ancients  ufed  to  aflembleat  the  timeof  new' 
moon,  to  difeharge  the  d.uties  of  piety  and  o-ratitude 
for  it’s  manifoid  ufes. 

1 hat  the  moon  appears  fo  much  larger  than 
the  other  planets,  is  owing  to  her  vicinity  to  us; 
for  to  a fpedator  in  the  fun  flie  would  be  fcarcely 
vifible,  without  the  allidance  of  a telefcopc.  Her 
dilfance  is  but  fmall  from  us,  when  compared  with 
that  of  the  other  heavenly  bodies ; for  among 
thefe,  the  lead  abfolute  diftance,  when  put  down  in 
numbers,,  will  appear  great,  and  the  fmaileft  mag^ 
nitude  immenfe. 

The  moon  is  2161  miles  in  diameter;  her  bulk 
is  about  three-elevenths  of  the  earth  ; her  diftance 
from  the  center  of  the  earth  240,000  miles ; die 
goes  round  her  orbit  in  27  days,  7 hours,  43  mi- 
nutes, moving  at  the  rate  of  2299  miles  per  hour. 
The  time  in  going  round  the  earth,  reckoning  from 
change  to  change,  is  29  days,  12  hours,  44  mi- 
nutes. Her  apparent  diameter  at  a mean  didance 
from  the  earth,  is  31  minutes  16  feconds ; but  as 
viewed  from  the  fun,  at  a mean  didance  about 
6 feconds. 

Her  orbit  is  inclined  to  the  ecliptic,  in  an  an- 
gle of  5 degrees,  18  minutes,  cutting  it  in  two 
points,  which  are  dian>etrically  oppofite  to  each 
other ; thefe  points  are  called  her  nodes.  The 
nodes  have  a motion  wedward,  or  contrary  to  the 
order  of  the  flgns,  making  a complete  revolution  • 
in  about  nineteen  years ; in  which  time,  each  node 
returns  to  that  point  of  the  ecliptic  w hence  it  be- 
fore receded. 

If  the  moon  were  a body  podclTing  native 
light,  wc  flmuld  not  perceive  any  diverfity  of  ap- 
pearance ; but  as  flic  Ihincs  entirely  by  light  re- 
ceived from  the  fun,  and  reflcClcd  by  her  furfacc^ 
it  follows,  that  according  to  the  lituation  of  the 
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iDcholdcr  with  refped:  to  the  illuminated  parr, 
he  will  fee  more  or  Icfs  ot  her  reBcdled  beams ; for 
only  one  half  of  a globe  can  be  enlightened  at 
once. 

Hence,  while  flie  is  making  her  revolution 
round  the  heavens,  fhe  undergoes  great  changes  in 
her  appearance.  She  is  fometimes  on  our  meri- 
dian at  midnight,  and  therefore  in  that  part  of  the 
heavens  which  is  oppofite  to  the  fun;  in  this  dtua- 
tion  file  appears  as  a complete  circle,  and  it  is 
faid  to  he  full  moon.  As  flie  moves  eaftward,  fire  be- 
comes ddicient  on  the  weft  fide,  and  in  about 
71  days  comes  to  the  meridian,  at  about  fix  in  the 
morning,  having  the  appearance  of  a femicircie, 
with  the  convex  fide  turned  towards  the  fun  ; in 
this  date,  her  appearance  is  called  the  half  moon. 
Moving:  on  ftill  ealivvard,  flie  becomes  more  deft- 
cient  on  the  weft,  and  has  the  form  of  a crefeent, 
with  the  convex  fide  turned  towards  the  fun;  this 
crefeent  becomes  continually  more  flender,  till 
about  fourteen  days  after  the  full  moon  fhe  is  fo 
near  the  fun,  that  Ihe  cannot  be  feen,  on  account 
of  his  great  fplendor.  About  four  days  after  this 
difappearance,  fhe  is  feen  in  the  evening,  a little 
to  the  eaftward  of  the  fun,  in  the  form  of  a fine 
crefeent,  with  the  convex  fide  turned  from  the 
fun;  moving  ftill  to  the  ealhvard,  the  crefeent 
becomes  more  full  ; and  when  the  moon  comes  to 
the  meridian,  about  fix  in  the  evening,  ftie  has 
again  the  appearance  of  a bright  femicircie  ; ad- 
vancing ftill  to  the  eaftward,  ihe  becomes  fuller  on 
the  eaft  fide;  at  laft,  in  about  29  \ days,  flic  is  again 
oppofite  to  the  fun,  and  again  full. 

It  Irequently  happens,  that  the  moon  is  eclip- 
fed  when  at  the  full  ; and  that  the  fun  is  eclipfed 
fome  time  between  the  difappearance  of  the  moon 
in  the  morning  on  the  weft  fide  of  the  fun,  and 
her  appearance  in  the  evening  on  the  eaft  fide  of 
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the  fun.  The  nature  of  thefe  phenomena  wifi  be 
more  fully  confidcred,  when  we  come  to  treat  par- 
ticularly of  eclipfes. 

In  every  revolution  of  the  moon  about  the 
earth,  file  turns  once  round  upon  her  axis,  and 
therefore  always  prefents  the  fame  face  to  our 
view  ; and  as,  during  her  courfe  round  the  earth, 
tne  fun  enlightens  fucceflively  every  part  of  her 
globe  only  once,  confeqiiently  flie  has  but  one  day 
in  all  that  time,  and  her  day  and  night  together 
are  as  long  as  our  lunar  month.  As  we  fee  only 
one  fide  of  the  moon,  we  are  therefore  invifible  to 
the  inhabitants  on  the  oppofite  fide,  without  they 
take  a journey  to  that  fide  which  is  next  to  us,  for 
which  purpofe  fome  of  them  muff  travel  more 
than  1 509  miles. 

As  the  moon  illuminates  the  earth  by  a light 
refledted  from  the  fun,  flie  is  reciprocally  enlight- 
ened, but  in  a much  greater  degree,  by  the  earth  ; 
for  the  furface  is  above  thirteen  times  greater  than 
that  of  the  moon  ; and  therefore,  fuppofing  their 
power  of  reflec^ting  light  to  be  equal,  the  earth 
will  refleid:  thirteen  times  more  light  on  the  moon 
than  fhe  receives  from  it.  When  it  is  what  we 
call  new  moon,  we  lhall  appear  as  a full  moon  to 
the  Lunarians;  as  it  incrcafcs  in  light  to  us,  our’s 
will  decreafe  to  them : in  a word,  our  earth 
will  exhibit  to  them  the  fame  phafes  as  fhe  does 
to  us. 

We  have  already  obferved,  that  from  one  half 
of  the  moon  the  earth  is  never  leeii;  from  the  mid- 
dle of  the  other  half,  it  is  always  feen  over  head, 
turning  round  almofl  thirty  times  as  quick  as  the 
moon  does.  To  her  inhabitants,  the  earth  feems 
to  be  tlic  larged  body  in  the  univerfe,  about  thir- 
teen times  as  large  to  them,  as  fhe  does  to  us. 
As  the  earth  turns  round  it’s  axis,  the  feveral 
continents  and  iflands  appear  to  the  Lunarians 
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as  fo  many  fpots,  of  different  forms ; by  thefe 
fpots,  they  may  determine  the  time  of  the  earth’s 
diurnal  motion  ; by  thefe  fpots,  they  may,  per- 
haps, mcafure  their  time, — they  cannot  have  a 
better  dial. 


Of  the  Superior  Planets. 

Mars,  Jupiter,  Saturn,  and  the  Georgium  Si- 
dus,  are  called  fuperior  planets,  becaufe  they  are 
higher  in  the  fyllem,  or  farther  from  the  center  of 
it,  than  the  earth  is. 

They  exhibit  feveral  phenomena,  which  are 
very  different  from  thofe  of  Mercury  and  Venus  ; 
among  other  things,  they  come  to  our  meridian 
both  at  noon  and  midnight,  and  are  never  feen 
crofling  the  fun’s  difk. 


Of  Mars.  ^ 

Mars  is  the  leaft  bright  and  elegant  of  all  the 
planets ; it’s  orbit  lies  between  that  of  the  earth 
and  Jupiter,  but  .very  diffant  from  both.  He  ap- 
pears of  a dulky  reddifli  hue;  from  the  dullnefs  of 
his  appearance,  many  have  conjectured  that  he  is 
cncompaffed  with  a thick  cloudy  atmofphere ; 
his  light  is  not  near  fo  bright  as  that  of  Venus, 
though  he  is  fometimes  nearly  equal  to  her  in 
fize. 

Mars,  which  appears  fo  inconfiderable  in  the 
heavens,  is  5,309  miles  in  diameter.  It’s  diffance 
from  the  fun  is  about  146,000,000  miles.  It  goes 
round  the  fun  in  i year,  321  days,  23  hours,  mov- 
ing at  the  rate  of  55,287  miles  per  hour.  It  re- 
volves round  it’s  axis  in  24  hours,  39  minutes.  To 
an  inhabitant  in  Mars,  the  fun  would  appear  one- 
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third  lefs  in  diameter  than  it  does  to  us.  It^s  ap- 
parent diameter,  as  viewed  at  a mean  diftance  from 
the  earth,  is  30  feconds. 

Mars,  when  in  oppohtion  to  the  fun,  is  five 
times  nearer  to  us  than  when  in  conjundiioH.  This* 
has  a very  vifibie  effect  on  the  appearance  of  the 
planet,  caufing  him  to  appear  much  larger  at  fomc 
periods  than  at  others. 

The  analogy  between  Mars  and  the  earth  is  by 
far  the  greateft  in  the  whole  folar  fyftem  ; their 
diurnal  motion  is  nearly  the  fame;  the,obliqui-ties 
of  their  refpedive  ecliptics  not  very  different.  Of 
all  the  fuperior  planets,  that  of  Mars  is  by  far  the 
neareff  like  the  earth  : nor  will  the  Martial  year 
appear  lb  diffimilar  to  our^s,  when  we  compare  it 
with  the  long  duration  of  the  years  of  Jupiter,  Sa^ 
turn,  and  the  Georgium  Sidus.  It  probably  has  a 
conliderable  atmofphere ; for  beiidcs  the  perma- 
nent fpots  on  it’s  furface.  Dr.  Herfchel  has  often 
perceived  occafional  changes  of  partial  bright 
belts,  and  alfo  once  a darkifli  one  in  a pretty  high 
latitude ; alterations  which  we  can  attribute  to 
no  other  caufe  than  the  variable  difpofition  of 
clouds  and  vapours  floating  in  the  atmofphere  of 
the  planet.  ' 

A fpedtator  in  Mars  will  rarely,  if  ever,  fee 
Mercury,  except  when  they  fee  it  paffing  over  the 
fun’s  dilk.  Venus  will  appear  to  him  at  about  the 
fame  diftance  from  the  fun,  as  Mercury  appears  to 
us.  The  earth  will  appear  about  the  flze  of 
Venus,  and  never  above  4S  degrees  from  the  fun  ; 
and  will  be,  by  turns,  a morning  and  evening  (far 
to  the  inhabitants  of  Mars.  It  appears,  from  the 
moft  accurate  obfervations,  that  Mars  is  a fpheroid, 
or  flatted  fphere,  the  equatorial  diameter  to  the 
polar  being  in  the  proportion  of  about  131  to  127; 
and  there  is  reafon  to  fuppofe,  that  all  the  planets 
are  of  this  figure. 
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Of  Jupiter.  ^ 

Jupiter  is  fituated  flill  higher  in  the  fyflcm, 
revolving  round  the  fun,  between  Mars  and  Saturn* 
It  is  the  larged  of  all  the  planets,  and  eafily  dif- 
tinguilhed  from  them  by  his  peculiar  magnitude 
and  light.  To  the  naked  eye  it  appears  almod  as 
large  as  Venus,  but  not  altogether  fo  bright. 

Jupiter  revolves  round  it’s  axis  in  9 hours,  56 
minutes;  it’s  revolution  in  it’s  orbit  to  the  fame 
point  of  the  ecliptic  is'  ii  years,  314  days,  lo 
hours.  The  difproportion  of  Jupiter  to  the  earthy 
in  fizc,  is  very  great  ; viewing  him  in  the  heavens, 
we  confider  him  as  fmail  in  magnitude  ; whereas 
he  is  in  reality  90,228  miles  in  diameter.  His 
diftance  from  the  fun  is  499,750,000  miles;  he 
moves  at  the  rate  of  rather  more  than  29,083  miles 
per  hour.  His  apparent  diameter,  as  feen  at  a 
mean  diftance  from  the  earth,  is  39  feconds. 

To  an  eye  placed  in  Jupiter,  the  fun  would 
not  be  a fifth  part  of  the  fize  he  appears  to  us,  and 
his  difk  be  25  times  Icfs,  Though  Jupiter  be  the 
larged  of  all  the  planets,  yet  his  revolution  round 
his  axis  is  the  fwifted.  The  polar  axis  is  diortcr 
than  the  equatorial  one,  and  his  axis  perpendicular 
to  the  plane  of  his  orbit. 

Jupiter,  w hen  in  oppofition  to  the  fun,  is  much 
nearer  the  earth,  than  when  he  is  in  conjundion 
with  him  ; at  thofe  times  he  appears  alfo  larger, 
and  more  luminous  than  at  other  times. 

In  Jupiter,  the  days  and  nights  are  of  an  equal 
length,  each  being  about  five  hours  long.  Wc 
have  already  obferved,  that  the  axis  of  his  diurnal 
rotation  is  nearly  at  right  angles  to  the  plane  of 
his  annual  one,  and  confcqucntly  there  can  be 
fcarce  any  dificrence  in  feafons  ; and  here,  as  far 
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as  we  may  reafoii  from  analogy,  we  may  difcover 
the  footfteps  of  wifdom:  for  if  the  axis  of  this 
planet  were^  inclined  by  any  confidcrable  number 
of  degrees,  jiifl:  fo  many  degrees  round  each  pole 
would,  in  their  turn,  be  almoh  fix  years  in  dark- 
nefs  ; and  as  Jupiter  is  of  fuch  an  amazing  fize,  in 
this  cafe  immcnfe  regions  of  land  would  be  unin- 
habitable. 

Jupiter  is  at( ended  by  four  fatellites,  or  moons ; 
thefe  are  invifible  to  the  naked  eye  ; but  through 
a telefcope  they  make  a beautiful  appearance.  As 
our  moon  turns  round  the  earth,  enlightening  the 
nights,  by  i effecting  the  light  flie  receives  from  the 
lun,  fo  thefe  alfo  enlighten  the  nights  of  Jupiter, 
and  move  round  him  in  diflerent  periods  of  time, 
proportioned  to  their  fcvcral  diffances:  and  as  the 
moon  keeps  company  with  the  earth  in  it’s  annual 
revolution  round  the  fun  ; fo  thefe  accompany 
Jupiter  in  his  courfe  round  that  luminary. 

In  fpeaking  of  the  f^itellitcs,  we  diltinguiili 
them  according  to  their  places,  into  the  firh,  the 
fecond,  and  fo  on  ; by  the  lirfl',  we  mean  that 
which  is  neareh  to  the  planet. 

The  outcrmoftof  Jupiter’s  fatellites  will  ap- 
pear almofi  as  big  as  the  moon  docs  to  us ; five 
times  the  diameter,  and  twenty-five  tin’ics  the  dific 
of  the  fun.  The  four  fatellites  mull:  afford  a pleaf- 
ing  fpedacle  to  the  inhabitants  of  Jupiter;  for 
fometimes  they  will  rife  all  together,  fometiir.es  be 
all  together  on  the  meridian,  ranged  one  under  ano- 
ther, befides  frequent  eclipfes.  Notwithftanding  the 
diftance  of  Jupiter  and  his  fatellites  from  us,"  the 
eclipfes  thereof  are  of  confidcrable  ufe,  for  afccr- 
taining  with  accuracy  the  longitude  of  places. 
From  the  four  fatellites  the  inhabitants  of  Jupiter 
will  have  four  different  kinds  of  months,  and  the 
number  of  them  in  their  year  not  Ids  than 
4,300 
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Ari  aftrdnomer  in  Jupiter  will  never  fee  Mer- 
cury, Venus,  the  Earth,*  or  Mars  ; becaufe,  from 
the  immenfe  diffance  at  which  he  is  placed,  they 
nuifl  appear  to  accompany  the  fun,  and  rife  and 
fee  with  him*:  but  then  he  will  have  for  the  ob- 
jeds  of  obfervation,  his  own  four  moons,  Saturn, 
his  ring  and  fateliites,  and  probably  the  Geofgium 
Sidus. 


Of  Saturn.  T;^ 

Before  the  difeovery  of  the  Georgium  Sidus, 
Saturn  was  reckoned  the  mod  remote  planet  in 
our  fydem  ; he  diincs  but  with  a pale  feeble  light, 
lefs  bright  than  Jupiter,  though  lefs  ruddy  than 
Mars.  The  uninformed  eye  imagines  not,  when 
it  is  direded  to  this  little  fpeck  of  light,  that  it  is 
viewing  a large  and  glorious  globe,  one  of  the  mod 
dupendous  of  the  planets,  whofe  diameter  is 
79,979  miles.  We  need  not^  however,  be  furprifed 
at  the  vad  bulk  of  Saturn,  and  it’s  difjaroportion  to 
it’s  appearance  in  the  heavens ; for  Wc  are  to  con- 
lidcr,  that  all  objeds  decreafe  in  their  apparent 
magnitude,  in  proportion  to  their  didance  ; but  the 
diflance  of  Saturn  is  immenfe ; that  of  the  earth 
from  the  fun  is  96,000,000  miles;  of  Saturn, 
916,500,000  miles  ! 

• The  length  of  a planet’s  year,  or  the  time  of 
it’s  revolution  round  it’s  orbit,  is  proportioned  to 
it’s  didance  from  the  fun.  Saturn  goes  round  the 
fun  in  29  years,  167  days,  6 hours,  moving  at  the 
rateof  rather  more  than  22,298  miles  per  houi. 
His  apparent  diameter  at  a mean  didance  from  the 
earth  is  16  feconds. 

It  has  not  yet  been  afeertained  by  adronomi- 
cal  obfervation,  whether  Saturn  revolves  or  not 
upon  his  axis : we  are  therefore  ignorant  of  the 
yoL.  IV,  D length 


,34  I-  .EcruREs  ON  Natural  Piiilosophy. 

length  of  his  day,  and  of  his  night.  The  fun’s  dilk 
will  appear  ninety  times  lefs  to  an  inhabitant  of 
Saturn  than  it  does  to  us ; but  notwithftanding  the 
fun  appears  fo  fmall  to  the  inhabitants  of  the  re- 
gions of  Jupiter  and  Saturn,  the  light  that  he  will 
afford  them  is  much  more  than  w'ould  be  at  firft 
fuppofed  ; and  calculations  have  been  made,  from 
which  it  is  inferred,  that  the  fun  will  afford  500 
times  as  much  light  to  Saturn,  as  the  full  moon  to 
us  ; and  1600  times  as  much  t*o  Jupiter.  To  eyes 
like  our’s,  unaffiffed  by  inftruments,  Jupiter  and 
the  Georgium  Sidus  would  be  the  only  planets  feen 
from  Saturn,  to  whom  Jupiter  w'ould  fometimes 
be  a morning,  fometimes  an  evening  ftar. 

One  of  the  firft  difeoveries  of  the  telefcope, 
when  brought  to  a tolerable  degree  of  perfeeftion, 
w’as,  that  Saturn  did  not  appear  like  other  planets. 
Galileo,  in  1610,  fuppofed  it  compofed  of  3 ftars, 
or  globes,  a larger  in  the  middle,  and  a fmaller  on 
eac^  fide ; and  he  continued  his  obfervations  till 
the  two  leffer  ftars  difappeared,  and  this  planet 
looked  like  the  others.  Further  obfervation  ftiewed, 
that  what  (Taliled  took  for  two  ftars,  were  parts  of 
a ring.  This  fingular  and  curious  appendage  to 
the  planet  Saturn,  is  a thin,  broad,  opake  ring,  en- 
compafiing  the  body  of  the  planet,  without  touch- 
ing it,  like  the  horizon  of  an  artificial  globe,  ap- 
pearing double  when  viewed  through  a good  tele-  . 
fcope.  The  fpacc  between  the  ring  and  the  globe 
of  Saturn,  is  fuppofed  to  be  rather  more  than  the 
breadth  of  the  ring  ; the  plane  of  the  ring  is  in- 
clined to  the  plane  of  the  ecliptic,  in  an  angle  of 
30  degrees,  and  is  about  21,000  miles  in  breadth, 
ijt  puts  on  difterent  appearances  to  us,  fometimes 
being  feen  quite  open,  at  others  only  as  a line  upon 
the  equator.  It  is  probable  that  it  at  times  cafts 

a Ihadow  over  vaft  regions  of  Saturn’s-body.  This 

iing 
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ring  fafpenclcd  round  the  body  of  the  planet,  and 
keeping  it’s  place  without  any  connexion  with  the 
body,  is  quite  different  from  all  other  planetary 
phenomena  with  which  we  are  acquainted.  But 
this  is  rendered  ftill  more  furprifing  by  the  difco- 
veries  of  Dr.  Herfchel,  who  finds  that  the  planet 
Saturn  has  two  concentric  ringSy  of  unequal  dimen- 
fions  and  breadth  fituated  in  one  plane,  which  is 
probably  not  much  inclined  to  the  equator  of  the 
planet.  Thefe  rings  are  at  a confiderable  diffance 
from  each  other,  the  fmallefl  being  much  lefs  in 
diameter  at  the  outfide,  than  the  largeft  is  at  the 
infide  ; the  two  rings  are  entirely  detached  from 
each  other,  foas  plainly  to  permit  the  open  heavens 
to  be  feen  through  the  vacancy  between  them.  Of 
the  nature  of  this  ring,  various  and  uncertain  were 
the,  conjedtures  of  the  firfl  obfervers;  though  not 
more  perplexed,  than  thofe  of  the  lateff.  Of  it’s 
ufe  to  the  inhabitants  of  Saturn,  we  are  as  ignorant 
as  of  it’s  nature. 

Saturn  is  not  only  furniflied  with  this  beauti- 
»ful  ring,  but  it  has  alfo  feven  attendant  moons. 


Of  the  Georgium  Sidus.  'h 

From  the  time  of  Huygens  and  Caflini,  to 
ihedifcovery  of  the  Georgium  Sidus  by  Dr.  Her- 
fchel, though  the  intervening  fpace  was  long, 
though  the  niimber  of  affronomers  was  increafed, 
though  affiduity  in  obferving  was  afliffed  by  ac- 
curacy and  perfedlion  in  the  inftruments  of 
obfervation,  yet  no  new  difeovery  was  made  in 
the  heavens,  the  boundaries  of  our  fyflem  were  not 
enlarged.  The  inquifitive  mind  naturally  in- 
quires, whyj  when  the  number  of  thofe  that  cul- 
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tivated  the  fciencewas  increafed,  when  the  fcience 
itf'elf  was  fo  much  improved,  in  practical  difcove- 
Ties  it  was  fo  deficient?  A fmall  knowledge  of 
the  human  mind  will  anfwcr  the  queftion,  and 
obviate  the  difficulty.  The  mind  of  man  has 
a natural  propenlity  to  indolence  ; the  ardour  of  it’s 
purfuits,  when  they  arc  unconnected  with  felfifh 
views,  are  foon  abated,  fmall  difficulties  difcourage, 
little  inconveniences  fatigue  it,  and  rcafon  foon 
finds  excufes  to  juftify,  and  even  applaud  this 
weaknefs.  In  the  prefent  inftance,  the  unma- 
nageable length  of  the  telefcopes  that  were  in 
ufe,  and  the  co*htinual  expofure  to  the  cold 
air  of  the  night,  were  the  difficulties  the  aftro- 
nomer  had  to  encounter  with  ; and  he  foon  per- 
fuaded  himfelf,  that  the  fame  eheCts  would  be  pro- 
duced by  fhorter  telefcopes,  with  equal  magnify- 
ing  power  ; herein  was  his  miftake,  and  hence  the 
rcafon  why  fo  few  difeoveries  have  been  made 
iince  the  time  of  Caffini.  A fimilar  inftance  of  the 
rctrogradation  of  fcience  occurs  in  the  hiftory  of 
the  inicrofeope,  as  I have  Ihewn  in  my  elfays  on 
that  inftrument. 

The  Georgium  Sidus  was  difeovered  by  Dr. 
Herfchel,  in  the  year  1781  ; for  this  difeovery  he 
obtained,  from  the  Royal  Society,  the  honorary  re- 
compence  of  Sir  Godfrey  Copley’s  medal.  He 
named  the  planet  in  honour  of  his  Majefty  King 
Cieorge  III.  the  patron  of  fcience,  who  has  taken 
Dr.  iicrfchel  under  his  patronage,  and  granted 
him  an  annual  falary.  By  this  munificence  he  has 
given  fcope  to  a very' uncommon  genius,  and  ena- 
bled him  to  prolecutc  his  favourite  ftudies  with 
unremitted  ardour. 

In  fo  recent  a difeovery  of  a planet  fo  diftant,. 
many  pirticulars  cannot  be  expeefted.  It’s  year  is 
fuppofed  to  be  more  than  80  years  ; it's  diameter 
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34,299  miles;  diftance  from  the  fun  about  ijSja 
millions  of  miles;  the  inclination  of  its  orbit 
43  degrees  35  feconds ; it’s  diameter,  compared 
to  that  of  the  earth,  as  43^17^9  ^ * in 'bulk  it  is 

8,049,2^6  times  as  large  as  the  earth.  It’s  light 
is  of  a blueifh  white  colour,  and  it’s  brilliancy  be- 
tween that  of  the  moon  and  Venus. 

Though  the  Georgium  Sidus  was  not  known 
as  a planet  till  the  time  of  Dr.  Herfchel,  yet  there 
are  many  reafons  to  luppofe  it  had  been  feen  be- 
fore, but  had  then  been  confidered  as  a fixed  ftar. 
Dr.  Herfchel’s  attention  was  firft  engaged  by  the 
fleadinefs  of  it’s  light ; this  induced  him  to  apply 
higher  magnifying  powe'rs  to  his  telefcope,  which 
increafed  the  diameter  of  it;  in  two  days  he  obfer- 
ved  that  it’s  place  was  changed;  he  then  conclu- 
ded it  was  a comet ; but  in*  a little  time  he,  with 
others,  determined  char  it  was  a planet,  from  it’s 
vicinity  to  the  ecliptic,  the  direction  of  it’s  motion, 
being  ftationary  in  the  time,  and  in  fuch  circum- 
flances  as  correfpond  with  fimilar  appearances  in 
other  planets. 

With  a telefcope,  wdiich  magnifies  about  300 
times,  it  appears  to  have  a very  well-defined  vi- 
fibledifk;  but  w ith  inflruments  of  a fmaller  powder 
it  can  hardly  be  difiinguifiied  from  a fixed  fbar  be- 
tween the  fixth  and  ieventh  magnitude.  When 
the  moon  is  abfent,  it  may  alfo  be  feen  by  the  na- 
ked eye. 

Dr.  Herfchel  has  fince  difeovered,  that  it  is 
attended  by  two  fatellites:  a difeovery  which  gave 
him  confiderable  pleafure,  as  the  little  fecondary 
planets  feemed  to  give  a dignity  to  the  primary 
one,  and  raife  it  into  a more  confpicuous  iituation 
fimong  the  great  bodies  of  our  folar  fyfiem. 

As  the  diflances  of  the  planets,  when  marked 
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in  miles,  are  a burden  to  the  memory,  aftronomers 
often  exprefs  their  mean  diftances  in  a fhorter  way, 
by  fuppofing  the  diftance  of  the  earth  from  the 
fun  to  be  divided  into  ten  parts.  Mercury  may 
then  be  eftimated  at  four  of  fuch  parts  from  the 
fun,  Venus  at  feven,  the  earth  at  ten.  Mars  at  fif- 
teen, Jupiter  at  fifty-two  fuch  parts,  Saturn  at 
ninety-five,  and  the  Georgium  Sidus  190  parts. 
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Tables  of  the  Diameters,  Distances,  See,  of 

THE  Planets. 


Accompanied  with  various  comparifons,  in  order  to 
render  the  ideas  of  theje  diJianceSf  clearer  to 
the  mind. 

When  you  endeavour  to  form  any  idea  of  dif- 
-tance,  magnitude,  or  duration,  by  numbers  only,  you 
foon  exceed  the  limits  of  conception,  and  find  your 
faculties  of  reafoningas  finite  as  yourfenfes.  Hence 
aftronomers  are  frequently  obliged  to  have  recourfe 
to  mixed  ideas,  and  make  things  of  different  nature 
and  properties'  affifi:  each  other,  to  excite  more 
adequate  ideas  of  what  they  would  have  expreffed. 
Some  of  thefe  methods  I fliall  now  lay  before  you, 
to  affift  your  imagination  in  forming  it’s  ideas  of 
the  vafi  difiances  and  fixes  of  the  planets. 
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Mean  Distances  in  Millions  of  Miles. 

"I  he  diHances  being  very  great,  the  nearcH 
inillion  only  is  inlerted,  that  it  may  be  eaher  re- 
membered. 


Diftances  from  the  Sun. 


Sun 

Mercury  - 
Venus  - 
Earth  - 
Moon  - 


Millions  of 
miles. 

96 

96 


Mars 

Jupiter  - , 
Saturn  ~ 
pcorg,  Sid. 


146-1 

499  i 
9164 

L832 


Difference  between  the  greateft  & 
lead  diftance  of  the  fun  from  the 
earth  in  millions  of  miles,  , 

3 

T4f^ 

139 

o 

33,570  miles. 

: I ; * 

Millions. 
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Periods  round  the  Sun  according  to  our  Year^ 

AND  Months. 
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80 
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1 

Progreflivemp- 
tion'in  their 
orbit  miles  per 
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Moon’s  periodical  revo- 
lution round  the  earth 
Synodical  revol.  or  from'^ 
change  to  change  \ 
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29  12 


43 

44 
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The  following  tabic  from  Mr.  Vince’s  plan  of  a 
Courfe  of  Leflures^  may  be  confidcred  as  more 
accurate;  it  is  deduced  from  M.  de  la  Lande’s 
work. 


meandifl. 
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Revolution  on  it’s  own  axis  according  to 
our  days. 


Sun 

Mercury 
Venus  - 
Earth 
Mars 
Jupiter  - 
Saturn  - 
Georgium 
Sidus 
Moon  - 
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Motion  on  it’s  axis, 
miles  per  hour. 

3>957 

unknown. 

1,065 

1,042 

556 

25,920 

unknown. 

unknown. 

near  10  ^ 


The  rotation  of  Saturn,  agreeable  to  Dr. 
Uflicr’s  computations,  is  10  hours,  I2|  minutes.^ 
A different  refult  was,  however,  obtained,  by  taking 
the  denffty  of  Saturn,  as  dated  by  M.  de  la  Lande. 
Dr.  Herfchel  has  fettled  the  rotation  of  Saturn’s 
fing  at  10  hours,  32  minuteSj  16  feconds. 


Light 
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Light  and  heat  in  proportion  to 
what  the  earth  receives. 


Mercury 
Venus  - 
Earth 
Mars 
Jupiter  - 
Saturn  - 
Georg.  Sid. 
Moon  - 


7 times  more 

double 

r 

half 

one  27th. 
one  9 1 ' 

one  364th. 

I 


Appearance  of  the  fun 
in  proportion  to  what 
it  appears  on  the  earth, 

7 times  greater 
twice  as  great 

I 

half  as  big 
one  27th. 
one  91 
one  364th 
1 


Sun’s  apparent  diameter,,  i min.  41  fee. ' 


Distances  and  apparent  Diameters  of  the  Sun 

AND  Planets.  / 

I 


Diflances  from  the  Earth. 

Appar.  DIam.  viewed 
from  the  Earth. 
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Moon  - 

miles. 

256.785 

miles. 

223.211 

miles. 

240.000 

33-36 

28.55.30 

39 
31  15 

It  has  been  found,  that  a cannon-ball  moves 
about  8 uiiles  in  one  minute,  704  feet  in  a fecond ; 
and  that  found  moves  about  13  miles  in  one  mi- 
nute, 1 1 44  in  a fecond. 

A very  high  wind  may  make  found  move  on© 

mile 
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mile  in  4*  feconds,  4 that  is,  in  about  one- 
twentieth  lefs  time  than  in  calm  weather. 

The  moft  violent  ftorm  docs  not  move  above 
I mile  in  a minute,  88  feet  in  a fccond. 

From  hence  it  has  been  computed,  that  a body 
ilTuing  from  the  fun,  with  the  fwiftnefs  of  a cannon- 
ball, that  is,  8 miles  in  a minute,  would  employ  the 
following  time  in  reaching. 


Mercury  - - - 

Venus  - - - 

Earth  - - - 

Mars  - - - - 

Jupiter  - 
Saturn  --- 
Georgium  Sidus  - 
Any  fixed  ftar  that 
has  been  accu- 
rately obferved 

A ray  of  light  comes  from  the  fun  to  the  earth 
in  8 min.  13  fee.  moves  therefore  11,693,462  miles 
in  one  minute,  194,891  miles  in  one  fccond. 

A ray  of  light  comes  from  the  moon  in  i fe- 
cond,  23'^'*' 

From  the  very  accurate  obfervations  of  Dr. 
Bradley,  it  is  inferred,  that  no  fixed  Bar  of  the 
great  numbers  obferved  by  him,  can  be  at  a lefs 
difiance  from  the  earth  than  about  400,000  dif- 
tances  of  the  fun  from  the  earth  ; fo  that  a ray  of 
light,  which  comes  to  the  earth  in  eight  minutes, 
thirteen  feconds,  ilTuing  from  fuch  a fiar,  muft  re- 
quire 6 years  and  3 months  to  reach  the  earth. 
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1 he  following  may  therefore  be  confidcrcd  as 
proportionable  diitanccs  of  the  celcftial  bodies 
from  the  fun. 


Mercury 
Venus  - - 

•Earth  - - 

Mars  - - 

Jupiter 
Sarurn  - - 

Georg.  Sidus 


28  yards. 
52  yards. 
79  ditto. 
109  ditto. 
273  ditto. 
684  ditto. 
357  miles. 


Moon.6|inchesfrom  the  earth,  Syrius  8410  miles. 


PRpppRTjoNAL  Magnitude. 


Sun 

Mercury  - 
Venus  - 
Earth  - 7 
Mars  - - 

Jupiter 
Saturn  - - 

Georg.  Sidus 


2 feet  in  diameter, 
y,-  of  ^n  inch, 
of  an  inch. 

■j  T^o* 

ij.  of  an  inch. 
b-i  inches. 

2 inches, 
about  I inch. 


The  diftance  of  Syrius  is  18,717,442,690,526 
miles.  A cannon-ball  going  at  the  rate  of  19.05 
miles  per  minute,  would  only  reach  it  in  about 
1,868,307  years,  88  days,  24  hours.  The  circum- 
ference of  it’s  orbit  is  117605162638454  ,•  if  the 
liar  moved  through  this  fpace  in  24  hours,  it  mull 
go  361 170863  ^ miles  per  fecond. 

Such  is  the  immenfe  diflance  even  of  a (lar  of 
the  firft  magnitude,  that,  fuppoling  the  world  to 
have  cxifted' 6000  years,  and  thedihance  to  be  re- 
duced to  31 1 -h  or  311*333  inches,  or  25  feet  ii 
jnches,  then  a cannon-ball,  going  at  the  rate  of  1 1 43 

miles 
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miles  per  hour,  and  fet  in  motion  at  the  creation 
of  the  world,  would  now  have  pafled  only  07i€  inch 
of  that  reduced  fpace  ; becaufe  one  inch  bears  the 
fame  proportion  to  31 diftance  which  the 
ball  would  go  in  6000  years  does  to  the  whole  dif- 

tance  of  the  ifar.  So,  ^ t 

If  a cannon-ball  goes  i inch  in  6000  years,  how 
far  will  it  go  in  1 868307  ?—Anfwer,  3ii.333» 

25  feet,  II  inches.  Or, 

If  a cannon-ball  goes  18717442690526  miles 
in  1868307  years,  how  far  will  it  go  in  6000? — 
Anf.  60110386645,  which  number  is  to  18717, &c.  ^ 
as  I inch  is  to  3 11.333. 

By  the  fame  rule,  if  we  fuppofe  a Irar  or  the 
fccond,  third,  tenth,  one-hundredth  magnitude,  it’s 
dihance  will  be  proportionably  great,  and  the  fpace 
gone  through  proportionably  Imall ; that  is,  in  the 
fame  time  the  ball  would  have  gone  only  one-half, 
one-third,  one-tenth,  one  hundredth  of  an  inch. 
With  refped  to  a Ifar  of  the  thu*d  magnitude, 
it  would  now  have  pafied  through  a fpac'e=one 
barley  corn  ; w ith  refped  to  one  ot  the  four-hun- 
dredth, not  the  fpace  correfponding  to  ojie  hair’s 
breadth,  reckoning  400  hairs  = one  inch. 

This  fuppofes  that  a liar  of  the  third,  tenth, 
four-hundredth  magnitude,  is  3,  10,  400  times  as 
diftant  as  one  of  the  firft  ; and  we  may  alfo  fup- 
pofe that  a ftar  which  cannot  be  feen  but  with  a 
power  of  ICO,  1000,  &c.  is  100  and  1000  times 
more  dillant  than  one  w hich  the  naked  eye  can  jult 
difeover. 

The  dihance  of  a far  of  the  fccond  magnitude 
is  37434885381053  X miles  ; the  diameter  ot  it’s 
orbit  = 74869770762107. 

The  circumference  of  it's  orbit  235210325- 
276908.7;  a degree  of  this  is  653362014658  ; a 
minute,  10889366910.75;  a fccond,  181489448  x. 
A cannon-ball  would  require  65216  years,  86  days, 

I 6 hours, 
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6 hours,  17  minutes,  13  feconds,  to  go  through  one 
degree  of  this  orbit ; 1086  years,  342  days,  2 hours, 
3^  tninutes,  17  leconds,  topafs  through  one  wiyiutc  ^ 
and  18  years,  42  days,  4 hours,  50  minutes,  30 
feconds,  to  go  over  one  fecond  of  it. 

The  pittance  between  l and  ^ in  Orion’s  belt, 
IS  I degree,  23  minutes,  12  feconds. 

O / // 

Between  f and  ^ ~ - i 21  9 

Between  I and  ^ - - 2 44  2 1 

Now  taking  the  whole  years,  and  negleding 
•the  fradions  of  the  above  numbers  652 1 6i  086,  &rc. 
18 ; a cannon-ball  would  be  90410  years  in  palling 
from  ^ to  e,  88184  in  fi'om  £ to  and  178C04 

from  I to 

So  likewife  the  didance  between  and  /3,  iirfa 
major i or  the  two  hind  wheels  of  iho.  placejirumy  is 
S'*  23  miles,  20  feconds,  which  a cannon-balL 
would  require  351418  years  to  pafs  over. 

This  evidently  fuppofes,  that  all  ftars  of  equal 
magnitude  are  equally  difbant,  (not  that  this  is  cer-- 
tain,  or  even  probable  ; but  fomc  data-  muft  be  af- 
fumed,)  and  though  not  accurate,  equally  llicw  the.- 
\^’onders  of  God’s  creation. 

/ 

The  diameter  of  the  earth  being  7.920  miles, 
the  furfacc  in  round  numbers  may  be  called  200 
millions  of  fquare  miles. 

' Millions. 

01  that  40,  America  is 
14,  about-};  Alia  ii, 
about  } ; Africa  10, 
liu rope  not  5,  not  -i. 
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Place  of  the  nodes  for  1750.  Annual  motion  of  the  nodes. 


(ign.  cleg,  min.  fee. 

min.  fee. 

Mercury 

I 15  20  43 

7 0 

Venus  - 

2 14  26  18 

19  2 

Mars 

I 17  38  38 

22  2 

Jupiter  - 

3 7 55  32 

14  5 

Saturn  - 

3 21  32  22 

j6  9 

Georg.  Sid. 

J 33  31 

Inclination  of  the  orbits. 

Mercury  - 

700 

Venus  - 

3 23  3S 

Mars  - 

I 51  0 

Jupiter  - 

I 18  56 

Saturn  - 

2 19  50 

Georg.  Sid. 

0 46  20 

• 1 

1 fhall  conclude  this  general  furvey  of  the  fo 

larfyftem  in  the  words  of  that  excellent  mathema- 
tician, Mr.  Maclaurin.  The  view  of  nature,  which 
is  the  immediate  object  of  fenfe,  is  very  imperfect, 
and  of  fmall  extent ; but  by  the  affiftance  of  art, 
and  the  aid  of  rcafon,  becomes  enlarged,  till  it  lofei 
itfelf  in  infinity.  As  magnitude  of  every  fort,  ab- 
•flra8edly  coniidered,  is  capable  of  being  increafeei 
.to  infinity,  and  is  alfo  divifible  without  end  ; fo  we 
find,  that  in  nature  the  limits  of  the  greatdl  and 
leaft  dimenfions  of  things  are  adlually  placed  at  aa 


immenfe  diftance  from  each  other. 

We  can  perceive  no  bounds  of  the  vaft  ex- 
panfe,  in  which  natural  caufes  operate,  and  fix  no 
limit,  or  termination,  to  the  univerfe.  The  objccls 
we  commonly  ctilJ  great,  vaiiilli,  when  we  contem- 
plate the  vaft  body  of  the  earth.  The  terraque- 
ous globe  itfelf  is  loft  in  the  folar  fyftem  ; the  fun 
itfdf  dwindles  into  a ftar;  Saturn’s  vaft  orbit,  and 
all  the  orbits  of  the  comets,  crowd  into  a point, 
when  viewed  from  numberlcTs  places  between  the 

2 earth 
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earth  and  the  nearefl  fixed  ftars.  Other  funs  kindle 
to  illuminate  other  fyftems,  where  our  fun*s  rays 
are  unperceived;  but  they  alfo  are  fwallowed  up  m 
the  vafi:  expanfe..  When  we  havej-ifen  fo  high, 
as  to  leave  all  definite  meafures  far  behind  us,  we 
find  ourfelves  no  nearer  to  a term,  or  limit. 

Our  views  of  nature,  however  imperfeeft, 
ferve  rp  reprefent  to  us,  in  a moft  fenfible  manner| 
that  mighty  power  which  prevails  throughout,  ac- 
ting with  a force  and  eihcacy  that  fufiers  no  dimi- 
nution from  the  greateft  diftances  of  fpace  or  in- 
tervals ot  time;  and  to  prove  that  all  things  are  or- 
dered by  infinite  wifdom,  and  perfed  goodnefs. 
Scenes  which  fliould  excite  and  animate  us  to  cor- 
refpond  with  the  general  harmony  of  nature.’* 
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LECTURE  XXXVIII. 


Ex1>laxation  of  the  Seasons,  and  other  Pheno- 
mena, ON  THE  CoPERNiCAN  SySTE.M, 

1AM  now  going  to  confider  the  earth  as  a phvet, 
having  already  given  you  an  outline  of  the  folar 
fyfl-em,  of  which  the  fun  is  the  center,  with  the 
feven  planetary  globes  revolving  in  their  refpedtive 
orbits  around  him.  The  earth  we  inhabit  is  one 
of  thefe  feven  revolving  planets,  and  completes  it’s 
revolution  in  365  days,  5 hours,  49  minutes,  which 
conftitutes  our  year ; for  it  is  by  this  progrefllon 
or  annual  motion  of  the  earth,  that  our  year  is  mea- 
fured.  But  belides  this,  in  the  fpace  of  24  hours  it 
makes  one  complete  revolution  on  it’s  axis,  by 
which  motion  day  and  night  are  alternately  occa- 
fioned  all  over  the  world.  To  explain  the  pheno- 
mena on  thefe  principles,  and  to  remove  objec- 
tions and  difficulties,  will  be  the  fubjedt  of'  this 
Ledture  ; and,  firlf  of  all,  it  will  be  neceffiiry  to 
prove  to  you  the  globular  form  of  our  earth. 


Of  the  Shape  or  Figure  of  the  Earth. 

I have  already  obferved,  that,  the  appearance- 
of  the  heavenly  bodies  is  not  the  fame  to  the  inha- 
bitants of  various  parts  of  the  earth ; that  the  fun, 
the  moon,  and  the  Bars,  rife  and  fet  in  Greenland 
in  a manner  very  different  from  what  they  do  in 
the  Fall  Indies,  and  in  both  places  very  different 
from  what  they  do  in  England : and  as  it  was  na- 
Ot.  IV.  E rural 
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tiiral  to  attribute  the  caufc  of  this  change  in  the 
apparent  face  of  the  heavens,  to  the  figure  of  the 
earthy  (for  appearances  muft  ever  anfwer  to  the 
form  and  ftrudure  of  the  things’,)  the  nature  of  this 
figure  was,  therefore,  one  of  the  firft  objedls  of  in- 
quiry among  philofophers  and  aftronomers. 

Some  fages  of  antiquity  concluded,  that  thef; 
earth  mufi:  necelTarily  be  of  a fpherical  figure,  be- 
caufe  that  figure  was,  on  many  accounts,  the  moft- 
convenient  for  the  earth,  as  an  habitable  world  : 
they  alfo  argued,  that  this  figure  was  the  moft  na- 
tural, becaufe  any  body  expofed  to  forces,  which 
tend  to  one  common  center,  as  is  the  cafe  with  the 
earth,  would  necdfarily  aftume  a round  figure.  Thc- 
aftent,  however,  of  the  modern  aftronomers  to  this 
truth,  was  not  determined  by  fpeculative  reafon- 
ing;  but  on  evidence,  derived  from  faBs  and  ac- 
'tual  obfervation.  From  thefe  I fliall  felecft  thofe 
aro-uments,  that  1 think  will  have  the  greateft 
weight. 

It  is  known,  from  the  laws  of  optics  and  per- 
Ipedive,  that  if  any  body,  in  all  iituations,  and 
under  all  circumftances,  projefts  a circular  Jhadou\ 

that  body  muft  be  a globe. 

It  is  alfo  know  n,  that  eclipfes  of  the  moon  are 

caufed  by  the  ftiadow  of  the  earth. 

And  we  find,  that  w hether  the  ftiadow  be  pro- 
jc(5led  towards  the  eaft  or  the  weft,  the  north  or 
*the  fouth,  under  every  circumftance  it  is  circular j 
the  body,  therefore,  that  cafts  the  ftiadow , which  is 
the  eartii,  muft  be  of  a globular  figure.^ 

You  will  c • tain  another  convincing  proof  of 
the  globular  ftiape  of  the  earth,  by  inquiring  irt 
what  manner  a perfon  ftanding  upon  the  coaft  of 
the  fca,  and  waiting  for  a veftel  which  he  knows  is 
to  arrive,  fees  that  vcfTcl.  We  ftiall  find,  that  he 
lirft  of  all,  and  at  the  greateft  diftance,  fees  the  top 

of  the  maft  riling  out  of  the  water;  and  the  ap- 
pearance 
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p(faiUncc  is,  as  if  the  fliip  was  fwallowcd  up  in  the 
water.  As  he  continues  to  obferve  the  object, 
more  and  more  of  the  rnaff  appears  ; at  length  he 
begins  to  fee  the  top  of  the  deck,  and  by  degrees 
the  whole  body  of  the  veird.  On  the  other  hand, 
if  the  fliip  be  departing  from  us,  we  firfl  lofe  fight 
of  the  hull,  at  a greater  diflance  the  main-fails  dif- 
appear,  and  at  a flill  greater  the  top-fail.  But  if 
the  furfaceof  the  fea  were  a plane,  the  body  of  the 
fliip,  being  the  largefl:  part  of  it,  w^ould  be  feen 
firfl,  and  from  the  greatefl  diflance,  and  the  mafls 
would  not  be  vifible  till  it  came  nearer. 

To  render  this,  if  polfible,  flill  clearer,  let  us 
confidef  two  Ihips  meeting  at  fea,  the  top-mafl  of 
each  are  the  parts  firfl  difeovered  by  both,  the  hull, 
&:c.  being-  concealed  by  the  convexity  of  the  globe 
which  rifes  between  them.  The  Ihips  may,  in 
this  inftance,  be  refembled  to  two  men,  who  ap- 
proach each  other  on  the  oppofite  fides  of  a hill ; 
their  heads  will  be  firfl  feen,  and  gradually,  as  they 
approach,  the  body  will  come  entirely  in  view. 
From  hence  is  derived  a rational  method  of  efli- 
• mating  the  diflance  of  a fliip,  which  is  in  ufe 
among  fea-faring  people,  namely,  of  obferving, 

HOW'  LOW  THEY  CAN  BRING  HER  DOWN  ; that  is  tO 

fay,  the  manat  the  mafl-head  fixes  his  eyes  on  the 
velfcl  in  fight,  and  flowly  defeends  by  the  flirowds, 
till  flie  becomes  no  longer  vifible.  The  lefs  the 
diflance,  the  lower  he  may  defeend  before  flie  dif- 
■appears.  If  obfervations  of  this  kind  be  made 
w ith  a telefcope,  the  eflecl  is  flill  more  remarka- 
ble j as  the  diflance  increafes  or  diniiniflies,  the 
fliip  in  fight  will  appear  to  become  more  and 
more  imnierfed,  or  to  rife  gradually  out  of  the 
water. 

This  truth  is  alfo  fully  evinced  by  the  following 
confideration  ; that  Ihips  have  failed  round  the, 
ea,rth,  have  gone  out  to  the  weftward,  and  have 

2 come 
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come  home  from  the  eaftward  ; or  in  other  words, 
the  (hips  have  kept  the  fame  courfe,  and  yet  re- 
turned from  the  oppofite  fide  into  the  harbour 
whence  they  firft  failed.  Now  w'e  are  certain  that 
this  could  not  be  the  cafe,  if  the  earth  were  a 
plane  ; for  then  a perfon,  who  fhould  fet  out  for 
any  one  point,  and  go  on  ftrait  forward,  without 
flopping,  would  be  continually  going  further  from 

* the  point  from  w'hich  he  fet  out. 

i'VV.  1 and  2,  p/,  2,  are  illuftrations  of  the  fore- 

* going  principles.  Fig.  i,  fhew's  that  if  the  earth 
was  a plane,  the  whole  of  a {hip  would  be  feen  at 

' once,  however  diftant  from  the  fpedator,  and  that, 
whether  he  be  placed  at  the  top  or  bottom  of  a 
hill.  From^^^-.  2,  it  appears,  that  the  rotundity  ot 
the  earth,  reprefented  by  the  circle  ABC,  conceals 
the  lower  part  of  the  fliip  d,  while  the  top-maft  is 
mi  vifible ; and  that  it  is  not  till  the  Ihip  comes 

to  e that  the  whole  of  it  is  vifible. 

The  following  remarks  evince  the  fame  truth. 
Obferve  any  ftar  near  the  northern  part  of  the  ho- 
rizon, and  if  you  travel  to  the  fouth,  it  will  feem  to 
dip  farther  and  farther  downwards,  till  by  proceed- 
ing on,  it  will  defeend  entirely  out  of  light.  In 
the  mean  time,  the  bars  to  the  fouthward 
traveller  will  feem  to  rife  higher  and  higher.  The 
contrary  appearances-  w ould  happen,  if  he  went  to 
the  northward.  This  proves  that  the  earth  is  not  a 
.plane  furfacc,  but  a curve  in  the  diredion  fouth 
‘ and  north.  By  an  obfervation  nearly  limilar  to 
this,  the  traveller  may  prove  the  curvature  of  the 
earth,  in  an  eafl  and  well  diredion. 

The  globular  figure  of  the  earth  may  be  alio 
inferred  from  the  operation  of  levelling,  or  the  art 
of  conveying  water  from  one  place  to  another . 
for  in  this  procefs,  it  is  found  neceflary  to  make  an 
allowance  ■ between  the  true  and  apparent  level  ; 

* or  in  other  words,  for  the  figure  of  tlte  earth,  tor 
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the  tYii6  level  is  not  a flvuit  line,  but  a cutv£  which 
falls  below  the  ftrait  line  about  eight  inches  in  a 
mile,  four  times  eight  in  two  miles,  nine  times 
eight  in  three  miles,  fixtcen  times  eight  in  lour 
miles,  always  increafing  as  the  fquare  of  the  dif- 
tance. 

What  the  earth  lofcs  of  it’s  fphericity  by 
mountains  and  vallics,  is  very  inconfiderable ; the 
higheft  eminence  bearing  fo  little  proportion  to 
it’s  bulk,  as  to  be  fcarcely  equivalent  to  the  mi- 
nuteft  protuberance  on  the  furface  of  a lemon. 

It  is  proper,  however,  to  acquaint  you,  that 
though  we  call  our  earth  a globe,  and  that  when 
fpeaking  in  general  terms,  it  may  be  confidered  as 
fuch  ; yet  in  the  ftriftnefs  of  truth,  it  muft  be  ob- 
ferved,  that  it  is  not  exadly  and  perfedly  a fphcrc, 
but  is  a Jpberoidt  fiatiened  a little  towards  the  poles, 
and  /welling  at  the  equator  ; the  equatorial  diameter 
being  about  thirty-four  miles  longer  than  the  dia- 
meter from  pole  to  pole. 

Of  the  Diurnal  Motion  Of  the  Earth. 

Though  it  is  this  motion  which  gives  us  the 
grateful  vicifiitude  of  day  and  night,  adjiidcd  to 
the  times  of  labour  and  reft ; yet  mod  people  find 
fomc  difficulty  in  conceiving  that  the  earth  moves; 
the  more  fo,  becaufe,  in  order  to  allow  it,  thev 
muff  give  up,  in  a great  mcafure,  the  evidence  of 
their  exterior  fenfes,  of  which  the  impreluons  are 
exceeding  ffrong  and  lively.  It  will,  therefore,  be 
ncceflary  to  prove  to  you,  that  you  can  by  no  means 
infer  that  the  earth  is  at  reff,  bccaufe  it  appears  to 
be  fo,  and  to  convince  you  by  a variety  of  fa^/s, 
that  reafon  was  given  to  correct  the  fallacies  of  the 
JenJes,  . ^ 

. To  this  end  we  ffiall  here  point  out  fomc  in. 
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ftcinccs,  where  tippspcnt  motion  is  produced  in  <i 
body  at  rert,  by  the  real  motion  of  the  Tpeeffator. 
Let  us  fiippoTe  a man  in  a fhip  to  be  carried  alon<^ 
by  3.  bi  ifk  gale,  in  a direction  parallel  to  a fhore,  at 
no  great  diftance  from  him;  while  he  keeps  his 
eye  on  the  deck,  the  maft,  the  fails,  or  any  thing 
about  the  fliip ; that  is  to  fay,  while  he  fees  no- 
thing  but  fome  part  of  the  veffei  on  board  of 
which  he  is,  and  confequently  every  part  of  which 
moves  with  him,  he  will  not  perceive  that  the  fhip 
moves  at  all.  Let  him,  after  this,  look  to  the 
fliore,  and  he  wiH  fee  the  houfes,  trees,  and  hills, 
run  from  him  in  a direclion  conti;ary  to  the  mo- 
tion of  the  veffei ; and  fuppoling  him  to  have  re- 
ceived no  previous  information  on  this  fubjecd:,  he 
might  naturally  conclude,  that  the  apparent  motion 
of  thefe  bodies  w^as  real. 

In  a fimilar  fituation  to  this,  we  may  conceive 
the  inhabitants  of  the  earth  ; who,  in  early  times, 
knowing  nothing  of  the  true  ffrudure  or  laws  of 
the  univerfe,  faw  the  fun,  the  ftars,  and  the  planets, 
rife  and  fet,  and  perform  an  apparent  revolution 
about  the  earth.  They  hacf  no  idea  of  the  motion 
of  the  earth,  and  therefore  all  this  appearance 
feemed  reality.  But  as  it  is  highly  reafonable  to 
fuppofe,  that  as  foon  as  the  flighteff  hint  fliould  be 
given  to  the  man,  of  the  motion  of  the  vefTel,  he 
would  begin  to  form  a new  opinion,  and  conceive 
• it  to  be  more  rational,  that  fo  fmall  a thing  as  the 
fhip  fliould  move,  rather  than  all  that  part  of  the 
earth  which  was  open  to  his  view  ; fo,  in  the  fame 
manner,  no  fooner  was  an  idea  formed  of  the  vafl 
extent  and  greatnefs  of  the  univerfe,  with  refped 
to  this  earth,  than  mankind  began  to  conceive  it 
W'ould  be  more  rational  that  the  earth  fliould  move, 
than  the  whole  fabric  of  the  heavens. 

By  another  familiar  indance,  it  will  be  eafy  to 
flicw  you,  that  as  the  eye  docs  not  perceive  it’s 

own 
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own  motion,  it  always  judges 

Go  into  a.  common  windmill,  and  fitting 

ler  to  turn  the  mill  round,  while  you  | 

within  it  with  your  eyes  wiU 

in  the  center  thereof ; this  poft  _ 

aDnear  to  you  to' turn  round  with  confiderable  e 
diy,  the  real  motion  of  the  mill  being  the  caufcof 
the  apparent  motion  of  thcfwivel  polt. 

Sea-faring  people  arc  furniaied  with  vaiious 
Inftanccs  to  illuflrate  this  fubjedl ; fhofe  who  are 
bufj  in  the  hold  of  a fliip  at  anchor  cannot  by  any 
perLption  determine  whether  the  Ihip  has  fw^g 
round  or  not  by  the  turn 

fliip  firft  gets  under  way  with  a ligd  breeze, 
may  be  going  at  a good  rate  before  thofe  ''’ho  are 

between  decks  can  perceive  it.  H^'"S  f 
"viated  the  objeeflions  which  anfc  from  the  tefti- 
mony  of  the'fenfes.  we  may  now  proceed  to  con- 
fider  the  arguments  which  tend  more  directly  to 

prove  the  motion  of  the  earth.  , • r 

All  the  celeftial  motions  will,  on  this  luppo- 
fition,  be  incomparably  more  fimplc  and  mode- 

’ This  opinion  is  much  more  agreeable  to  our  • 
notions  of  final  caufes,  and  our  knowledge  of  t e 
economy  of  nature;  for  if  the  earth  be  at  reft,  and 
the  ftars,  &c.  move  round  it  once  in  24  hours,  their 
velocity  muft  be  immcnfe ; and  it  is  certainly 
more  agreeable  to  rcafon,  that  one  lingle  ')o  ), 

. and  that  one  of  the  fmalleil,  fliould  revolve  on  it  s 
own  axis  in  24  hours,  than  that  the  whole  umverfe 
Ihould  be  carried  round  it,  in  the  lame  time,  with 

inconceivable  velocity.  . , 

The  rotation  of  the  earth  round  it’s  axis  is 

analogous  to  what  is  obferved  in  the  fun,  and  moll 
of  the  planets  ; it  being  highly  probable,  that  the 
earth,  which  is  itfelf  one  of  the  planets,  Hiould 

E 4 • 
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have  the  fame  motion  as  they  have,  for  producing 
fhe  fame  effea  : and  it  would  be  as  abfurd  in  us  to 
contend  for  the  motion  of  the  whole  heavens 
round  us  in  24  hours,  rather  than  allow  a diurnal 
motion  to  our  globe,  as  it  would  be  for  the-inha- 
bitants  of  Jupiter  to  infift  that  our  globe,  and  the 
whole  heaven?,  nnull:  revolve  round  them  in  ten 
hours,  that  all  it’s  parts  might  fuccefhvely  enjoy 

the^  light,  rather  than  grant  a diurnal  motion  to 
their  habitation. 

All  the  phenomena  relative  to  this  fubjed:  are 
as  eafily  folved  on  the  fuppofition  of  the  earth’s 
diurnal  motion,  as  on  the  contriry  hypothefis. 

Befides  the  foregoing  confiderations,  there  are 
feveral  arguments  to  be  deduced  from  the  higher 
parts  of  allronomy,  which  demonjirably  prove  the 
diurnal  motion  of  the  earth. 


Or  THE  Phenomena  occasioned  by  the  Earth^s 

Di  urnal  Rotation. 

As  the  earth  is  of  a fpherical  figure,  that  part 
which  at  any  time  conies  under  the  confined  view 
of  an  obferver,  will  feem  to  be  extended  like  a 
plane  ; and  the  heavens  will  appear  as  a concave 
fpherical  fuperficies  divided  by  the  aforefaid  plane 
in  two  parts^  one  of  which  is  concealed  from  us  by 
the  opacity  ot  the  earth. 

Now  the  earth,  by  it's  revolution  round  it's 
axis,  carries  the  JpeFlator  and  the  aforefaid  plane 
from  weft  to  eaji ; therefore  all  thofe  bodies  which 
could  not  be  leen  becaufe  they  were  below  the 
plane  of  the  horizon,  will  become  vifible,  or  rife 
above  it,  when,  by  the  rotation  of  the  earth,  the 
horizon  finks  as  it  were  below  them.  On  the  other 
hand^  the  p])porite  part  of  the  plane,  towards  the 
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riling  above  the  fiars  brt  that -lide,  will  hidii 
them  from  the  fpec^lator,  and  they  will  appear  c6 
fet,  or  go  below  the  horizon.  * ‘ ' ‘ 

As  the  earth,  together  with  the  horizon  of  a 
fpedtator,  continues  moving  to  the  ea(f,  and  about 
the  lame  axis,  all  fuch  bodies  as  are  feparated  from 
the  earth,  and  which  do  not  partake  of  that  mo- 
tion, will  feem  to  move  uniformly  in  the  fame 
time,  but  in  an  oppolite  diredion,  that  is,  from 
EAST  TO  WEST;  excepting  the  celeflial  poles,  which 
will  appear  to  be  at  relf.  Therefore,  when  we  fay, 
that  the  whole  concave  fphere  of  the  heavens  ap- 
pears to  turn  round  upon  the  axis  of  the  world, 
whilft  the  earth  is  performing  one  rotation  round 
it’s  own  axis,  we  muft  be  underflood  to  except  the 
two  poles  of  the  world,  for  thefe  do  not  partake  of 
this  apparent  motion. 

It  is,  therefore,  on  account  of  the  revolution 
of  the  earth/ound  it’s  axis,  that  a fpedator  ima- 
gines the  whole  ftarry  firmament,  and  every  point 
of  the  heaven,  (excepting  the  tw'o  celeflial  poles) 
to  revolve  about  the  earth  from  eafl  to  weft  every 
twenty-four  hours,' each  point  defcribing  a greater 
or  lefs  circle,  as  it  is  more  or  lefs  remote  from 
ont;  of  the  celeftial'poles. 

Although  every  place  on  the'furface  of  the 
ferraqueous  globe  is  illuminated  by  all  the  ftars 
which  are  above  the  horizon  of  that  place  ; yet 
when  the  Jim  is  above  the  horizon,  his  light  is  fo 
ftfohg,  that  it  qifite  extinguifncs  the  faint  liglu  of 
the  ftars,  and  produces  Uay\  When  the  fun  goes 
bclow^  the  horizon,  or  more  properly,  when  our 
horizon  gets  above  the  fun,  the  fiars  give  their 
light,  and  we  are  in  that  ftate  which  is  called 

MGHT. 

Now  as  the  earth  is  an  opake  fpherical  body, 

at 
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afa  great  diflance  from  the  fun,  one  half  of  ic 
Mill  always  be  illuminated  thereby,  while  the  other 
half  will  remain  in  darknefs. 

The  circle  which  diftinguiflies  the  illuminated 
face  of  the  earth  from  the  dark  fide,  and  is  the 
boundary  betw  een  light  and  darknefs,  is  generally 
called  the  terminator.  A line  drawn  from  the 
center  of  the  fun  to  the  center  of  the  earth,  is  per- 
pendicular to  the  plane  of  this  circle. 

When  any  point  in  the  globe  firft  gets  into 
the  enlightened  hemifpherc,  the  fun  is  juft  rifen  to 
that  part  ; when  it  gets  half-way,  or  to  it’s  great- 
eft  diftahee  from  the  terminator,  it  is  then  noon  ; 
and  when  it  leaves  the  enlightened  hemifphere,  it 
is  then  sun-set  ; but  it  ftili  enjoys  fome  light 
from  the  fun,  which  *is  reheded  by  the  atmo- 
fphere,  till  it  gets  eighteen  degrees  beyond  the 
terminator ; this  glimmering  light  is  called  tw^i- 

LIGHT.  • 


Of  the  Correspondence  of  the  Celestial  and 

Terrestrial  Circle. 

As  the  earth  daily  revolves  on  it’s  axis,  every 
point  on  it’s/urfacc  is  fuccclTivcly  prefented  to  all 
the  points  in  the  heavens,  deferibing  circles  whofe 
planes  are  perpendicular  to  it’s  axis,  and  their  cen- 
ters therein ; w'hence  it  follows,  that  thofe  planes 
are  parallel  to  each  other,  and  may  be  confidercd 
as  the  elements  of  a fphere.  • 

^’herefore  all  the  ftars  muft  fecvi  to  turn  every 
day  uniformly  about  the  earth's  axisy  and  in  parallel 
circles y as  though  they  zvere  placed  in  the  concavity 
of  a fphere  tozvhich  the  earth  is  concentric, 

THie  two  points  at  the  extremities  of  the  earth’s 
axis  w'hcreon  it  turns,  arc  the  only  points  of  it’s 

furface 
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furface  that  do  not  change  their  places  ; cverr 
other  point  deferibes  a circle  greater  as  it  is  far- 
ther dilfant  from  thofe  fixed  points  or  poles. 

In  the  heavens,  therefore,  there  mufi:  be  two 
points,  P Q,  fig.  pi-  2,  that  appear  fixed,  wherein 
a fiar  canTiave  no  apparent  motion;  thefe  points 
are  determined  in  the  heavens,  by  prolonging  the 
axis  of  the  earth  ; thefe  are  the  poles  of  a great  ‘ 
circle  of  the  celellial  fphere,  formed  in  the  heavens 
by  continuing  the  plane  of  the  terrefirial  equator, 
and  all  the  liars  will  appear  to  turn  round  thefe 
two  poles. 

Thus  the  axis  pq^  of  the  earth  peqz,  fig-  2* 
pi.  are  the  poles  of  a great  circle  ETZ  of  the 
celellial  fphere,  formed  in  the  heavens  by  continu- 
ing the  plane  of  the  terrefirial  equator  ezz,  and  all 
the  fiars  will  appear  to  turn  round  the  two  poles 
P,  O,  or  rather  round  the  axis  P Q.  Let  P repre- 
fenc'the  north  pole,  Q the  fouth  pole. 

If  through  the  center  of  the  earth  C,  and  any 
point  m on  it’s  furface,  a right  line  C m be  fiip- 
pofed  prolonged  to  the  heavens,  the  extremity  M 
of  that  right  line  will,  by  the  earth’s  diurnal  rota- 
tion, deferibe  the  celellial  parallel  L M M L,  an- 
fwering  to  the  terrefirial  parallel  i m m 1 of  the 
point  m.  And  if  C M be  fuppofed  to  be  pro- 
longed on  the  other  fide  to  the  heavens  in  T,  then 
T will  deferibe  in  the  heavens  a parallel  TT  VV 
equal  to  the  parallel  L M M L,  anfwering  to,  and 
having  the  fame  declination  with  the  terrefirial 
parallel  ttuu.  • 

Hence  it  follows,  i.  That  th^  plane  of  the 
celellial  parallel  L M M L,  and  that  ot  the  corref- 
pondent  parallel  Imnil,  arc  limilar  elements  of  a 
cone,  whofe  axis  is  the  fame  as  that  of  the  earth, 
and  whofe  vertex  C is  at  the  earth’s  center.  Tke're^ 
fore  tbe  plane  of  a celeflial  parallel  cannoi  be  the 

fame 
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fame  rsith  it's  corre/mndin^  terreftrial  parallel* 
only  the  plane  (E  Z Z)  cf  the  celefttal  equator  is 
the  fame  with  the  plane  ezz  of  the  terrefrial 
equator. 

. 2.  When  in  the  earth’s  diurnal  rotation-a  ftar 
pafTes  through  the  obferver’s  zenith,  the  parallel  of 
th^t  ftar  correfponds  with  the  obferver’s  terreftrial 
parallel;  that  is  to  fay,  the  celeftial  parallel  is  as 
far  diftant  from  the  celeftial  equator,  as  the  terref- 
trial parallel  is  from  the  terreftrial  equator:  for 
then  the  line  of  the  obferver’s  zenith  is  a right  line 
drawn  from  the  earth^s  center  through  the  obferver’s 
eye,  terminating  at  the  ftar,  and  is  the  line  that  de- 
feribes  the  ftar’s  parallel  in  the  heavens. 

If  therefore  the  arc  M Z,  the  diftance  of  the 
ftar  M from  the  celeftial  equator  be  meafured,  it 
gives  alfo  the  meafure  of  the  arc  m z,  the  ob- 
ferver’s diftance  from  the  terreftrial  equator.  -Tbere^ 
fore  the  arc  of  the  ohferver's  diftance  from  the  ierref- 
trial  equator,  is  equal  to  the  declination  of  the  ftar 
that  paftfes  through  his  zenith.  So  that  if  it  be  a 
fixed  ftar,  and  the  obferver  changes  his  place,  the 
different  declinations  of  the  ftars  that  pafs  through 
his  zenith  at  the  various  places  he  comes  to,  will 
fhew  how  much  he  approaches  to,  or  recedes  from 
the  equator. 

It  follows,  laftly,  that  any  place  on  the  terref- 
trial fphere  may  be  reprefented  by  it's  core ef ponding 
zenith  point  in  the  heavens.  For  the  celeftial  pa- 
rallel pafting  through  that  point,  reprefents  the 
terreftrial  parallel  ol  the  place,  and  the  declination 
of  the  celeftial  parallel  rricafuring  the  diftance  of 
that  place  from  the  equator;  alfo  the  great  circle 
of  the  celeftial  fphere  dtferibed  from  that  zenith  as 
a pole,  denotes  the  plane  of  the  horizon  of  that 
place,  and  fhc  particular  phenomena  of  a place  on 
the  earth  may  be  explained,  by  denoting  that  place 
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no  otherwifc  than  by  it’s 
Yens.  * 


zenith  in'  the  hea-^ 


Of  the  Annual  Motion  of  the  Earth. 

It  is  owing  to  the  induflry  of  modern  adrbnb-* 
Tners,  that  the  annual  motion  of  the  c^t^'th  has  been 
fully*  evinced;  for  though  this  motion  had  bec'n 
known  to,  and  adopted  by  many  among  the  anciebr 
philofophers,  yet  they  were  not  able  to  give  their 
opinions  that  degree  of  probability,  which  is  attain- 
able from  modern  difeoveries,  much  lef§  the  evi- 
dence ai'iling  from  thofe  deinonftrative  proofs,  of 
which  we  arc  now  in  polTelTion.  I (hall,  thciefore, 
enumerate  feme  of  the  rcafons  which  induce  allro- 
nomers  to  believe  t^at  the  earth  moves  round  the 
fun,  and  then  explaii\  further  the  nature  of  this 
motion,  which  is  calculated  to  afford  us  tae  ufcful 
and  delightful  variety  of  the  fcafons,  tj'ic  mutual 
allay  of  immoderate  heat  and  cold,  and  the  fuccef- 
five  growth  and  recruit  of  vegetation. 

On  the  fuppolition  of  the  earth’s  motion,  the 
celeftial  motions  become  incomparably  more  fim- 
ple,  and  free  from  thofe  looped  contortions  vv^ich 
mud:  be  fuppoled  in  the  other  cafe,  and  which  are 
not  only  extremely  improbable,  but  incompatible 
with  what  we  know  of  motion. 

This  opinion  is  alfo  more  reafonable,  on  ac- 
count of  the  extreme  minutenejs  of  the  earthy  when 
compared  with  the  imnienje  bulk  of  the  fun,  Jupiter, 
and  Saturn;  and  there  are  no  known  laws  ot  motion, 
according  to  which  fo  great  a body  as  the  fun  can 
revolve  about  fo  fmall  a one  as  the  earth. 

The  fun  is  the  fountain  of  light  and  heat, 

' - Hvhich 

J ' ^ ^ - 4 , • V < . W 

^ * The  whole  of  what  is  faid  onfler  this  head,  niay  be  beau- 

tifully illullr<ited  by  the  annillai  y fphere. 
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which  it  darts  through  the  whole  fyllem ; it  ought, 
therefore,  to  be  in  the  that  it’s  influence 

may  be  regularly  ditfufed  through  the  whole  hea- 
vens, and  communicated  in  juit  gradations  to  the 
whole  fvflem. 

When  we  conlider  the  /7o/  as  the  center  of  the 
]f)'flem,  vve  find  all  the  bodies  moving  round  it, 
agreeable  to  the  univerfal  laws  of  gravity;  but  upon 
any’othcr  confideration  we  are  left  in  the  dark. 

The  motion  of  the  earth  round  the  fun  accords 
with  that  general  harmony,  and  univerfal  law, 
which  all  the  other  moving  bodies  in  the  fyftem 
obferve*  namely,  the  fquares  of  •the  periodic 

4imes  are  as  the  cubes  of  the  difances ; but  if  the 
fun  moves  round  the  earth,  that  law  is  deflroyed, 
-^nd  the  general  order  of  fymmetry  in  nature  inter- 
rupted. 

The  annual  motion  of  the  earth  is  incontejiihly 
proved  by  obfervation,  a motion  having  been  dif- 
. covered  ih  all  the  flxed  flars,  which  anfes  fromii^ 
combination  of  the  motion  of  light  with  the  mo- 
cion  of  the  earth  in  it’s  orbit. 

It  will  be  clearly  Ihewn  in  it^s  place,  that  Ve- 
nus  and  Mercury  move  round  the  fun  in  orbits  that 
between  it  and  the  earth  ; that  the  orbit  of  the 
earth  is  fituated  belzveen  that  of  Venus  and  Mars  j- 
and-that  the  orbits  of  Mars,  Jupiter,  &c.  arc  VA/d--  ~ 
rior  to,  and  include  the  other  three. 

Of  the  apparent  Motion  of  tuE  Sun,  arising 

* ^ 

FROM  THE  llARTri's  AnnUAL  MoTJON  ROUND  IT. 

As  when  a pciTon  fails  along  the  Tea  coafi,  the 
fliore,  the  villages,  and  other  remarkable  places  on 
land,^  appear  to  change  their  iituation,  and  to  pafs 
by  h im;  fo  it  is  in  tiie  heavens.  To  a fpedlator 
upon  the  earth,  as  it  moves  along  it’s  orbit,  or  fails 
as  it  w'crc  through  ccleftial  fpacc,  the  fun,  the  pla- 
nets. 
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nets,  and  the  fixed  ftars,  appear  to  change  their 
places. 

Apparent  change  of  place  is  of  two  forts ; the 
one  is  that  of  bodies  at  reft,  the  change  of  whofe 
olace  depends  folely  on  that  of  the  fpccflator;  the 
other  is  that  of  bodies  .in  motion,  whofe  apparent 
change  of  place  depends  as  well  on  their  own  mo- 
tion,"as  on  that  of  thefpedator. 

I fhall  firft  confider  only  chat  apparent  change 
which  takes  place  in  thofe  which  are  at  reft,  and 
which  is  owing  wholly  to  the  motion  of  the  earth; 
and  Ihew  that  the  fun,  when  feen  from  the  earth, 
will  appear  to  move  in  the  fame  manner,  whether 
it  revives  round  the  earth,  or  whether  the  earth 
revolves  round  the  fun. 

Let  us  fuppofe  the  earth  at  reft,  without  any 
motion  of  it’s  own,  and  let  the  fun  be  fuppofed  to 
revolve  round  it  in  the  orbit  A B C D,  fig.  r,  pi.  4, 
and  let  EFG  H be  a circle  in  the  concave  fpherc  ^ 
of  the  ftarry  heavens;  as  the  fun  moves  in  the  order 
of  the  letters  A B C D in  it’s  orbit,  it  will  appear 
to  a fpeeftator  on  the  earth  to  have  deferibed  the 
circle  EFG  H.  When  the  fun  is  at  A,  it  will  ap- 
pear as  if  it  was  among  the  fixed  ftars  that  are  at  E ; 
when  it  is  at  B,  it  will  appear  among*  the  fixed 
ftars  at  F;  when  at  G,  among  thofe  at  hi  ; and  w hen 
it  is  at  D,  it  will  appear  among  the  fixed  ftars  at 
G.  Indeed,  the  fixed  ftars  and  the  fun  are  not  feen 
at  the  fame  time;  but  I have  ftiewn,  that  we  may 
tell  in  what  part  of  the  heavens  the  fun  h,  or  what 
fixed  ftars  it  is  near,  by  know’ing  thofe  which  are 
oppoftte  to  it,  or  come  to  the  fouth .at  midnight. 
Therefore,  if  we  find  that  any  fet  of  ftars,  as  thofe 
at  G for  inftance,  come  to  the  fouth  at  midnight, 
we  may  be  fure  that  they  are  oppoiite  to  the  fun; 
and  confcquently,  if  we  could  fee  the  flats  in  that 
part  of  the  heaven  where  the  fun  is,  we  ftiould  find 
them  to  be  thofe  at  F. 

.Secondlv 


64  Lectures  on  Natural  Philosophy, 

Secondly,  let  us  fuppofe  that  S is  the  fun,  that 
it  has  no  motion  of  ft’s  own,  that  it  refls  within 
the  orbit  A B C D,  in  which  we  fhall  now  fuppofe 
the  earth  to  mo^e,  in  the  order  of  the  letters  A B 
C D.  Upon  this  fuppolition,  when  the  earth  is  at 
A,  the  fun  will  appear  in  that  part  of  the  heavens 
w'here  the  Bars  H are ; when  the  earth  is  at  B,  the 
fun  will  appear  in  that  part  of  the  heavens  where 
the  Bars  G are ; w hen  the  earth  is  at  C,  the  fun 
will  appear  in  that  part  of  the  heavens  where*  the 
Bars  E are ; and  as  the  earth  revolves  round  the 
fun,  in  the  orbit  A B C D,  the  fun  will  appear  to  a 
fpedlator  on  the  earth  to  defenbe  the  circle  G H 
EF. 

Thus  whether  the  earth  he  at  refty  and  the  fun 
revolves  in  the  orbit  A B C D;  or  the  Jun  be  at  refty 
and  the  earth  revolves  in  the  fame  orbit,  a fpec- 
tator  on  the  earth  will  fee  the  fun  deferibe  the  fame 
circle  E F G H,  in  the  concave  fphere  of  the  hea- 
vens.* 

Hence  if  the  plane  of  the  earth’s  orbit  be  ima- 
gined to  be  extended  to  the  heavens,  it  would  cut 
the  Barry  firmament  in  that  very  circle,  in  w'hich 
a fpedator  in  the  fun  w’ould  fee  the  earth  revolve 
every  year:  w'hile  an  inhabitant  of  the  earth  would 
obferve  the  fun  to  go  through  the  fame  circle,  and 
in  the  fame  fpace  of  time  that  the  folar  Ipe^tator 
would  fee  the  earth  deferibe  it. 

The  inhabitants  of  all  the  other  planets  wdll 
obferve  juil  fuch  motions  in  the  fun  as  we  do,  and 
for  the  very  fame  reafons  ; and  the  fun  will  be  feen 
from  every  planet  to  deferibe  the  fame  circle,  and 
in  the  fame  fpacc  of  time,  that  a fpedator  in  the 
fun  would  obferve  the  planet  to  do.  For  example, 
an  inhabitant  of  Jupiter  would  think  that  the  fun 

revolved 

* This  is  pleafingly  illuflrated  by  the  armillary  fphere,  where 
the  fphere  may  be  moved  indepen^deni  of  the  earth,  and  ihc 
earth  of  the  fphere. 
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revolved  round  him,  deferibinga  circle  in  the  hea- 
vens in  the  (pace  of  twelve  years:  this  circle  would 
not  be  the  fame  with  our  ecliptic,  nor  would  the 
fun  appear  to  pafs  through  the  fame  ftars  wdiich  he 
does  to  us.  On  the  fame  account,  the  fun,  feen 
from  Saturn,  will  appear  to  move  in  another  cir- 
cle, diftinct  from  cither  of  the  former;  and  wull 
not  feem  to  hnilhhis  period  in  lefs  rime  than  thir- 
ty years.  Now'  as  it  is  impoifible  that  the  fun  can 
have  ail  thefe  motions  really  in  itfelf,  W'e  may  fafe- 
ly  affirm,  that  none  of  them  are  real,  but  that  they 
are  ail  apparent,  and  arife  from  the  motions  of  the 
refpeflive  planets. 

One  phenomenon  arifing  from  the  annual  mo- 
tion of  the  earth,  which  has  already  been  flightly 
touched  upon,  may  now  be  more  fully  explained  ; 
for  as  from  this  motion,  the  fun  appears  to  move 
from  welt  to  eaft  in  the  heavens,  if  a Itar  rifes  or 
fets  along  with  the  fun  at  any  time,  it  will  in  the 
courfe  of  a few  days  rife  or  fet  before  it,  becaufe 
the  fun’s  apparent  place  in  the  heavens  will  be  re-' 
moved  to  the  ealtw’ard  of  that  liar.  Hence  thofe' 
liars  which  at  one  time  of  the  year  fet  with  the 
fun,  and  therefore  do  not  appear  at  all,  lhall  at  ano- 
ther time  of  the  year  rife  w hen  the  fun  fets,  and- 
fxune  all  the  night.  And  as  anyone  far  Ihifts  it’s - 
place  w'ith  refpeft  to  the  fun,  and  in  confequence 
of  that  with  rcfpefl  to  the  hour  of  the  night,  lh-do‘- 
all  the  ref.  Hence  it  is  that  all  rhofc  fars,  which 
at  one  time  of  the  year  appear  on  any’one  jide’of - 
the  pole  far  in  the  evening,  fiall -in'half  a y-ear  ap- " 
pear  on  the  contrary Jidc  thereof.  - - ‘ 

From  what  has  been  faid  it  follows  i-n  p-enera!**’ 

vT)  * 

I.  7/7x7/,  in  zvbat ever  regards  iJje- fan* s only^.- 

zvith  refpe^l  to  ihe  point  in  the  heavens- in  issMeh-tt^ 
appears y it  may  be  Juppojed  to  move  in  an  infinitely 
great  circle^  called  the  ecliptic  ^ vehoje  center 'is  the 
ohferver' s eye.  ' V ■ 
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2.  That  the  earth's  true  place  in  his  orbit  being 
known,  from  obfurvation  or  calculation;  fix  Jigns 
added  to  or  fubtrafted  from  it,  gives  the  fun's  true 
place  in  the  ecliptic.  Therefore  the  theory  of  the 
lun’s  motions  fcen  from  the  earth,  is  the  fame  with 
that  of  the  earth’s  motions  feen  from  the  fun. 

3.  To  an  inhabitant  on  the  earth,  the  plane  of 
the  ecliptic  is  that,  whereto  the  annual  motions  of  the 
planets  in  their  orbits  mujl  be  naturally  compared.  In 
the  fame  manner,  as  the  plane  of  the  equator  is  that 
whereto  the  pofitionof  the  parallels,  which  the  ftars 
appear  to  deferibe  in  confequence  of  the  earth’s  di- 
urnal revolution,  muft  alfo  be  compared. 

In  order  to  combine  the  fun’s  annual  motion 
with  it’s  diurnal,  you  are  to  obferve,  that  it  the 
plane  of  the  ecliptic  coincided  with  that  of  the  equa- 
tor, the  fun  would,  by  it’s  diurnal  revolution,  feem 
to  deferibe  every  day  the  fame  circle,  viz.  the 
equator;  and  could  therefore  have  no  declination. 
For  in  deferibing  the  ecliptic  by  it’s  annual  revo- 
lution, the  fun  w’ould  then  fucceilively  anfwer  to 
all  the  ftars  in  the  equator,  confequently,  it’s  diur- 
nal revolution  would  be  made  in  the  fame  circle  as 
that  of  the  hars ; but  1 have  already  obferved  to 
you,  that  the  fun  appears  to  deferibe  daily  different 
parallels;  it  is  evident,  therefore,  that  the  plane  of 
the  ecliptic  does  not  coincide  with  that  of  th^ 
equator,  but  is  inclined  thereto. 

If  fo,  the  fun  muft,  in  confequence  of  it’s  an- 
nual motion,  deferibe  a great  circle  N B T L N,^« 
4,  pi.  2,  reprefenting  the  ecliptic,  and  bifeCting 
the  equator  E B Z L E.  1 he  fun  mull  therefore 
appear  fometimes  tow’ards  one  pole,  fometimes  to- 
wards  the  other  pole. 

I.  Let  us  fuppofe  that  it  is  in  B,  one  of  the 
interlections  of  the  equator  and  the  ecliptic,  it  s 
diurnal  revolution  mull  deferibe  the  equator,  and 
have  no  declination ; as  the  fun  gradually  advances 
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n the  ecliptic  from  B towards  A,  it  appears  gra- 
dually to  recede  from  the  equator  with  an  in- 
crealins  northern  declination,  and  to  deferibe 
fmaller  and  frnaller  parallels,  till  it  arrives  at  A, 
.where  it  appears  to  deferibe  the  parallel  AIVA. 

2.  The  fun  being  arrived  at  L,  three  figns  or 
.(^o  degrees  from  B,  and  three  months  after  his  de- 
parture therefrom,  it  is  then  in  that  point  of  the 
ecliptic  .the  mod  dillant  from  the  equator  at  it’s 
greatefl:  northern  declination,  and  deferibes  the 
fmalldt  parallel  O T. 

3.  In  the  three  following  months  the 'fun  go- 
ing from  T to  L draws  nearer  the  equator,  it’s 
•northern  declination  diminiihes,  it’s  parallels  aug- 
ment; fo  that  when  arrived  in  L,  the  other  inter- 
fedion  of  the  equator  and  the  ecliptic,  it  then  has 
no  declination,  and  that  day  again  deferibes  the  ce- 
leftial  equator. 

4.  The  fun  after  that  palTing  from  L to  en- 
,ters  the  fouth  part  of  the  heavens,  it’s  fouthern  de- 
clination then  increafes,  and  it’s  parallels  diminilh, 
till  being  come  to  N,  three  figns  from  the  point  L, 
it’s  fouthern  declination  is  then  the  greated,  and  it 
deferibes  it’s  lead  parallel  N 1). 

5.  I'he  fun  continuing  it’s  courfe  from  N to  B 
again  draws  nearer  the  equator,  and  it’s  fouthern 
declination  diminiflies;  fo  that  when  rc.turned  to  B 
a year  after  it’s  departure  from  that  point,  it  is 
again  in  the  equator  and  without  declination,  and 
ihen  begins  a new  courfc  attended  with  the  fame 
phenomena. 

It  is  evident,  therefore,  that  the  fun  moving 
continually  in  the  ecliptic,  the  par  allt^ls  it  every  day' 
deferibes  cannot  be  circles,  but  a kind  of  fpirals,  fiich 
as  the  curves  made  by  a thread  wound  about  a 
Iphere.  For  after  a diurnal  revolution,  the  fun 
(ioes  not  come  to  the  fame  point  from  whence  it 
.departed,  but  according  as  it  approached  to,  or  re- 
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ceded  from  the  equator,  is  either  a little  below  or 
above  that  point. 

The  angle  formed  by  the  plane  of  the  equa- 
tor and  ecliptic,  is  called  the  obliquity  of  the 
ecliptic. 

The  obliquity  of  the  ecliptic  is  equal  to  the 
fun’s  greatcfl:  declination,  namely,  when  in  the  tro- 
pic, and  is  about  23-1  degrees;  confcquently,  the 
axis  of  the  earth  mult  be  inclined  to  the  ecliptic  in 
0n  angle  of  66^  degrees.  The  conlideration  of  this 
obliquity  brings  us  to  an  explanation. 


Oy  THE  SeasOxVs  of  the  Year, 

It  is  our  bulinefs  under  the  prefent  head  to  ac- 
count for  the  phenomena  of  the  feafonSy  thofe  grate- 
ful vicilTitudes  on  which  fo  much  both  of  the  bu- 
fiiiefs  and  happinefs  of  man  depends. 

Before  1 explain  the  caufes  of  thofe  changes 
that  are  termed  the  feafons  of  the  yeacy  it  w'ill  be 
necelTary  to  premife  a few  confiderations  : Firll, 
that  on  account  of  the  immenfe  diffance  of  the  fun 
from  the  earth,  the  rays  which  proceed  from  it 
may  be  confidered  as  parallel  to  each  other.  Se- 
condly, that  only  one-half  of  a globe  can  be  illu- 
minated by  parallel  rays,  and  therefore  only  one- 
half  of  the  earth  will  be  enlightened  by  the  fun 
at  one  time.  Thirdly,  that  we  may  call  the  line 
which  divides  light  from  darknefs,  the  termi- 
nator. 

In  the  diagram,  fig^  i,  pi.  5,  S reprefents 
the  fun,  from  which  we  fuppofe  parallel  rays 
to  flow  in  all  directions;  A,  B,  C,  reprefent  three 
different  pofitions  of  the  globe  of  the  earth,  the 
bright  part  being  that  which  is  illuminated  by  the 
rays  proceeding  from  the  fun ; the  dark  part,  the 
portion  of  the  globe  w hich  is  in  obfeurity  at  thefe 
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different  fituations ; N the  north,  S.thc  fouth  pole 
of  the  globe.  T T the  terminator  or  boundary  ot 

light  and  darknefs. 

At  C,  the  poles  coincide  with  the  terminator. 

At  A,  the  north  pole  is  altogether  in  the  ;7- 
luminated  hemifphere,  and  the  fouth  pole  in  the 

hcmifphcre.  , . - , 7.,,  j 

At  B,  the  foLithern  pole  is  m the  enhghiened 

part,  and  the  north  pole  in  the  duY'k  hemifphere. 

'it  is  evident  that  it  is  day  in  any  given  place 
on  the  globe,  fo  long  as  that  place  continues  in 
the  enfightened  hemifphere  j but  when,  by  the 
diurnal  rotation  of  the  earth  on  it  s axis,  it  is  cai  — 
ried  into  the  dark  hemifphere,  it  becomes  night  to 
that  place. 

ne  length  of  the  day  and  the  night  depend  on 
the  pofition  of  'the  terminator,  with  ref  peel  to  the 
axis  of  the  earth. 

' if  the  poles  of  the  earth  be  fituated  in  the 
terminator,  as  at  C,  every  parallel  will  be  di- 
vided into  two  equal  parts  ; and  as  the  uniform 
motion  of  the  earth  caufes  any  given  place  to  de- 
feribe  equal  parts  of  it’s  parallel  in  equal  times, 
the  day  and  the  night  would  be  equal  on  every  pa- 
rallel of  latitude,  that  is,  all  over  the  globe,  ex- 
cept at  the  poles,  where  the  fun  would  neither  rife 
nor  fet,  I ut  continue  in  the  horizon. 

But  if,  as  at  A and  B,  the  axis  be  not  placed 
in  the  plane  of  the  tcrminitor,  the  terminator  will 
divide  the  equator  into  two  equal  parts,  but  all  the 
circles  parallel  to  it  into  unequal  parts  ; thofe  cir- 
cles that  are  fituated  towards  the  enlightened  pole, 
will  have  a greater  part  of  Cheir  circumference  in 
the  enlightened  than  in  the  darkhernirpherc;  while 
lirnilar  parallels  toward  the  other  pole  wdll  have 
the  greater  part  of  their  circumference  in  the  dark 
'hemifphere.  Whence  it  follows,  that  the  firfl- 

F 3 men- 
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mentioned  parallels  will  enjoy  longer  days  than 
nights  ; ana  the  contrary  will  happen  to  the  latter 
where  the  days  will  be  the  ihorteft,  and  the  nights 
the  longell;  while  at  the  equator,  the  days  ^nd 
nights  continue  equah  All  this  is  evident  from 
the  bare  inrpehHon  of  the  figures;  it  is  alfo  ob- 
lervable,  that  the  difproportion  is  greardh  in  the 
greater}-  latitude  ; and  that  thofe  places,  whofe  dif- 
tance  from  the  pole  is  lefs  than  that  of  the  pole 
from  the  terminator,  muff  enjoy  either  a conffant 
aay,  or  a conftant  night  ; becaufe  they  are  never 
carried  into  the  oppolite  hemifphcre  by  the  diurnal 
lotation  of  the  earth.  In  this  pofition  of  the  axis^ 
the  inhabitants  on  one  lide  of  the  equator  may  be 
faid  to  enjoy  fu miner,  and  thofe  on  the  other  fide 
winter,  with  refped:  to  each  other. 

from  \yhat  has  been  faid,  it  is  plain  that  the 
viciffitucics  in  the  days  and  nights  are  occafoned 
by  the  pofition  of  the  terminator,  or  boundary  of 
light  and  darknefs,  with  the  axis  of  the  earth;  or 
in  other  words,  by  the  different  afpedl  of  the  earth 
w'ith  refped  to  the  fun. 

We  have  now  only  to  fliew  what  caufes  the 
changes  of  pofition  in  the  terminator,  which  are,. 

The  inclination  of  the  earth's  axis  to  the  plane 
of  the  ecliptic,  or  orbit  in  which  it  moves.  2.  That 
through  the  whole  of  it’s  annual  courfc^  the  axis 
of  the  earth  prelerves  it’s  pofition,  or  continues 
parallel  to  ilfeff ; that  is,  if  a line  be  conceived  as 
drawn  parallel  to  the  axis  Mhile  the  earth  is  in 
any  one  point  of  it’s  orbit,  the  axis  will  in  every 
other  pofition  of  the  earth  be  parallel  to  the  faid 
line. 

If  the  axis  of  the  earth  were  ferpendiciilar  to 
the  plane  of  it’s  orbit,  the  equator  and  the  orbit 
for  ecliptic)  would  coincide;  and  as  the  fun  is 
«hvays  in  the  plane-  of  the  ecliptic,  i:  w'QiiId  in  this 
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cafe  be  always  over  the  equator,  and  the  two 
poles  would  be  in  the  terminator,  and  there  would 
L no  diverlity  in  the  days  and  nights,  and  but 
one  feafon  of  the  year ; but  as  this  is  not  th 
cafe,  we  may  fairly  infer,  that  the  axis  of  the 
earth  is  not  perpendicular  to  the  plane  or  it  s 

^ But  if  the  earth’s  axis  be  inclined  to  the  plane 
of  the  ecliptic  when  the  earth  is  in  the  fituation 
reprefented  at  A,  pL  5,  the  pole  N will  be  towards 
the  fun,  and  the  pole  S will  be  turned  from  it ; but 
iuftthe  contrary  will  happen,  when  the  earth,  by 
going;  half  round  the  fun,  has  arrived  at  the  oppo- 
fite  point  in  it’s  orbit.  Hence  the  fun  will  not 
be  always  in  the  equator,  but  at'  one  time  ot  the 
year  it  will  appear  nearer  to  one  of  the  poles,  and 
at  the  oppofite  feafon,  it  will  appear  nearer  to  the 
Other.  To  this  circumftance  the  change  of  feafons 
is  owino-  ; for  when  the  fun  leaves  the  equator  and 
approaches  to  one  of  the  poles,  it  will  be  fiimrner 
on  that  fide  of  the  equator,  and  when  the  fun  de- 
parts from  thence  and  approaches  to  ^ the  other 
pole,  it  will  be  winter.  Thus  from  the  inclination 
of  the  axis,  each  part  of  the  earth  enjoys  the  bene- 
fit of  fummer  in  it’s  turn  ; for  it  is  evident,  from 
what  has  been  faid  already,  that  when  it  is  wintei 
towards  one  of  the  poles,  on  one  fide  the  equator^ 
it  is  fummer  towards  the  other  pole,  or  on  the  other 


fide  of  the  equator.  , 

A better  notion  of  the  effeil  of  the  inclina- 
tion of  the  earth’s  axis  will  be  obtained  by  obferv- 
ing  2,  pi.  5j  i^^  which  the  ellipfis  reprefents 
the  earth’s  orbit,  feen  at  a diflance  ; the  eye  fup- 
pofed  to  be  elevated  a little  above  the  plane  of  it. 
The  earth  is  here  reprefented  in  the  firif  point  of 
each  of  the  twelve  figns,  as  marked  in  the  figure, 
with  the  twelve  months  annexed  ; e the  pole,  and 
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cd  the  axis  of  the  ecliptic,  always  perpendicular 
to  the  p ane  oi  the  orbit  ; P the  north  pole  of  the 
world;  r m it’s  axis,  about  which  the  earth’s  daily 
motion  IS  made  from  wefb  to  eaft.  P C E fhew  s 
the  of  it  s inclination,  w hich  preferves  it’s 

parallelifm  through  every  part  of  it’s  orbit. 

When  the  earth  is  in  the  firfl  point  of  Libra, 
the  lun  then  appears  in  the  oppofite  point  of  the 
ecliptic  at  Aries,  about  the  twenty-fecond  of  Sep- 
tember, N.  S.  and  when  the  earth  is  in  Aries,  the 
iun  will  then  appear  in  Libra  about  the  19th  of 
March ; at  which  times  of  the  year  the  edge  of 
the  enlightened  hemifphere  is  parallel  to  the  fol- 
ititial  colure,  8,  and  palTes  through  the  two 
poles  of  the  world,  dividing  every  parallel  to  the 
equator  into  two  equal  parts;  whence  the  diurnal 
parallel  of  every  inhabitant  on  the  furfacc  of  the 
earth  will,  at  either  of  thefe  feafons,  be  half  in  the 
illuminated,  and  halt  in  the  obfeure  part  of  the 
earth;  confequently  the  day  ajid  night  will  be  equal 
in  all  places.  ^ 

Conceive  the  earth  to  hav’^e  moved  from  z2z 
Libra  to  Capricorn,  it’s  line  of  direction  keep- 
ing it’s  parallelifm  will  now^  coincide  with  the  fol- 
Pitial  colure,  8,  and  the  edge  of  the  dife  will 
be  perpendicular  thereto,  and  pafs  through  e the 
pole  of  the  ecliptic.  In  this  liamtion  of  the  earth, 
all  places  within  the  northern  polar  circle  are  illu- 
minated throughout  the  whole  diurnal  revolution, 
at  which  time  their  inhabitants  fee  the  fun  loiK^cr 
than  24  hours;  but  thofe  which  lie  under  the  po- 
lar circle  touch  the  edge  of  the  dife,  and  therefore 
their  inhabitants  only  fee  the  fun  ikim  quite  round 
their  horizon  at  it’s  lird  appearance.  E\cry  other 
parallel  intcrfecls  the  edge  of  the  dife,  and' as  the 
illi:minatcd  part  of  each  is  much  greater  than  the 
obfeure  part,  the  days  arc  coniequcntlv  at  this 
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feafon  of  the  fummer  folfticc,  which  happens  about 
the  2 1 If  of  June,  longer  than  the  nights.  While 
the  earth  is  moving  from  Libra  through  Capri- 
corn to  Aries,  the  north  pole  P being  in  the  illu- 
minated hemifpherc,  will  have  fix  months  conti- 
nual day  ; but  while  the  earth  paffes  from  Aries 
through  Cancer  to  Libra,  the  north  pole  will  be  in 
the  obfeure  part,  and  have  continual  nights,  the 
fouth  pole  of  the  globe  at  the  fame  time  enjoying 
continual  day.  When  the  earth  is  at  Cancer,  the 
fun  appears  at  Capricorn.  At  this  feafon  the 
nights  will  as  much  exceed  the  days,  as  the  day^ 
exceeded  the  nights  w^hen  the  earth  was  in  the  op- 
poUte  point  of  her  orbit ; for  the  noclurnal  arches, 
or  obfeure  part  of  their  paths,  are  here  equal  to 
the  illuminated  parts  when  the  earth  was  at  Ca- 
pricorn ; and  the  illuminated  part  is  here  no  more 
than  the  obfeure  part  was  in  that  place. 

By  confidering  the  three  globes,  A B Qy  fig,  i, 
pL  5,  you  may  gain  a clear  idea  of  the  daily  appa- 
rent change  in  the  fun’s  declination  ; there  is  a 
line  drawn  from  the  center  of  the  fun  to  the  cen- 
ter of  each  globe;  it  is  broader  than  the  other  lines. 
Thjs  line  may  be  called  the  central  folar  ray.  About 
the  2 1 d:  of  December,  w hen  the  earth  is  in  Cancer, 
this  ray  vyill  terminate  or  fa!!  upon  the  fouthern  tro- 
pic, as  at  D;  or  the  tropic  of  Capricorn,  as  at  B;  and 
consequently,  by  the  earth’s  rotation  round  her 
axis,  the  inhabitants  of  every  part  of  this  circle  will 
fucccfiively  have  the  fun  in  their  zenith;  or  in 
other  words,  he  will  be  vertical  to  them  that  day 
at  noon,  as  the  fun  appears  that  day  to  be  carried 
round  in  the  tropic  of  Capricorn. 

About  the  20th  of  March,  the  earth  is  at 
Libra,  and  the  fun  will  then  appear  in  Aries  ; the 
central  folar  ray  teririinates  upon  the  furface  of  the 
earth,  in  the  equator,  as  at  C;  and  therefore  the 

fun 
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fun,  appears  to  be  carried  round  in  the  celeflia!  . 
equator,  and  is  fucccfTively  vertical  to  thofe  who 
live  under  that  circle. 

About  the  21ft  of  June,  when  the  earth  is  in 
Capricorn,  the  central  folar  ray  terminates  on  the 
furface  of  the  earth,  in  the  northern  tropic,  as  at 
A ; and  for  that  day  the  fun  appears  to  be  carried 
round  in  the  tropic  of  Cancer,  and  is  vertical  to 
thofe  who  live  under  that  circle.  About  the  22d 
of  September,  the  earth  is  in  Aries,  and  the  fun  in 
Libra,  and  the  central  folar  ray  again  terminates  at 
the  equator ; confequently  the  fun  again  appears 
in  the  celeftial  equator,  and  is  Vertical  to  thofe 
who  live  under  it. 

We  have  feen,  that  as  the  fun  moves  in  the 
ecliptic,  from  the  vernal  equinox  to  the  tropic  of 
Cancer,  it  gets  to  the  north  of  the  equator,  or  it’s 
declination  towards  our  pole  increafes.  There- 
fore, from  the  vernal  equinox,  when  the  days  and 
nights  are  equal,  till  the  fun  comes  to  the  tropic 
of  Cancer,  our  days  lengthen,  and  out  nights 
fhorten  ; but  when  the  fun  comes  to  the  tropic  of 
Cancer,  it  is  then  in  it’s  utmoft  northern  limit,  and 
returns  in  the  ecliptic  to  the  equator  again.  Dur- 
ing this  return  of  the  fun,  it’s  declination  towards 
our  pole  decreafes,  and  confequently  the  days  de- 
creafe,  and  the  nights  increafe,  tilhthe  fun  is  arri- 
ved in  the  equator  again,  and  is  in  the  autumnal 
cquinodtial  point,  when  the  days  and  nights  will 
again  be  equal.  As  the  fun  moves  from  thence 
towards  the  tropic  of  Capricorn,  it  gets  to  the 
fouth  of  the  equator;  or  it’s  declination  tow'ards' 
the  fouth  pole  increafes.  Therefore,  at  that  time‘ 
of  year,  our  days  fhorten,  and  our  nights  lengthen, 
till  the  fun  arrives  at  the  tropic  of  Capricorn  ; but 
when  the  fun  is  arrived  there,  it  is  then  at  it’s  ut- 
inofl  fouthern  limit,  and  returns  in  the  ecliptic  to 
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the  equator  again.  During  this  return,  it’s  dif- 
tancc  from  our  pole  lellens,  and  confequently  the 
days  will  lengthen,  as  the  nights  will  fliorten,  till 
they  become  equal,  when  the  fun  is  come  round 
to  the  vernal  equinoctial  point. 

Oiir  J'mimer  is  nearly  eight  days  longer  than  the 

*uointer. 

By  fummer  is  meant  here  the  time  that  palTes 
between  the  vernal  and  autumnal  equinoxes ; by  win- 
ter, the  time  between  the  autumnal  and  vernal  equi- 
nox. The  ecliptic  is  divided  into  fix  northern, 
and  fix  fouthern  figns,  and  interfeCts  the  equator  at 
the  firft  of  Aries,  and  the  firft  of  Libra.  In  our 
fummer,  the  fun’s  apparent  motion  is  through  the 
lix  northern,  and  our  w inter  through  the  iix  fou- 
thern figns ; yet  the  fun  is  186  days,  ii  hours, 
51  minutes,  in  palling  through  the  fix  firft;  and 
only  178  days,  17  hours,  58  minutes,  in  pafling 
through  the  lix  laft.  Their  difference,  7 days, 
17  hours,  53  minutes,  is  the  length  of  time  by 
which  our  fummer  exceeds  the  winter. 

In  I,  pi.  6,  A BCD  reprefents  the  earth’s 
orbit ; S the  fun  in  one  of  it’s  foci ; when  the  earth 
is  at  B,  the  fun  appears  at  H,  in  the  firft  point  of 
Aries;  and  whilft  the  earth  moves  from  B through 
C to  D,  the  fun  appears  to  run  through  the  fix  nor- 
thern figns,  from  T through  25  to  at  F.  When 
the  earth  is  at  D,  the  fun  appears  at  F,  in  the  firft 
point  of  Libra  ; and  as  the  earth  moves  from  D 
through  A to  B,  the  fun  appears  to  move  through 
the  lix  fouthern  figns,  from  — through  to  Aries 
at  H. 

Hence  the  line  FIT,  drawn  from  the  firft 
point  of  Aries  through  the  fun  at  S,  to  the  firft 
point  of  divides  the  ecliptic  into  two  equal 
parts;  but  the  fame  line  divides  the  earth’s  ellip- 
tical orbit  into  two  unequal  parts.  I'he  greater 
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part  B C D is  that  which  the  earth  deferibes  in  the 
lummer,  while  the  fun  appears  in  the  northern 
figns.  The  lefTer  part  is  DAB,  which  the  earth 
deferibes  in  winter,  while  the  fun  appears  in  the 
fouthern  figns.  C the  earth’s  aphelion,  wTere  it 
moves  llovvell,  is  in  the  greater  part ; A it’s  peri- 
helion, is  in  the  IcfTer  part,  w here  the  fun  moves 
falteft. 

There  are,  therefore,  two  reafons  why  onr 
fummer  is  longer  than  our  winter;  firh,  be- 
caufe  the  fun  continues  in  the  northern  ligns„ 
while  the  earth  is  deferibing  the  greater  part  of 
it’s  orbit  ; and  fccondly,  becaufe  the  fun’s  appa- 
rent motion  is  flower  while  it  appears  in  the  nor- 
thern ligns,  than  whilft  it  appears  in  the  fouthern 
ones. 

The  fun’s  apparent  diameter  is  greater  m 
our  w inter  than  in  fummer,  becaufe  the  earth  is 
nearer  to  the  fun  when  at  A in  the  winter,  than 
it  is  when  at  C in  the  fummer.  The  fun’s  ap- 
parent diameter,  in  winter,  is  32  minutes,  47  fe- 
conds;  in  fummer,  31  minutes,  4.0  feconds. 

But  if  the  earth  is  farther  from  the  fun  in 
fummer  than  in  winter,  it  may  be  afl^ed,  why  our 
w inters  are  fo  much  colder  than  our  furnmers. 
To  this  it  may  be  anTwered,  that  our  fummer  is 
hotter  than  the  winter,  firil,  on  account  of  the 
greater  height  to  which  the  fun  rifes  above  our 
horizon  in  the  fummer ; fccondly,  the  greater 
length  ot  the  days.  The  fun  is  much  higher  at 
noon  in  fummer  than  in  winter,  and  confequently, 
as  it’s  rays  in  fummer  arc  lets  oblique  than  in 
winter,  more  of  them  will  fall  upon  the  furface 
of  the  earth.  In  the  fummer,  tlic  days  are  very 
long,  and  the  nights  very  fliort ; therefore  the 
earth  and  air  arc  heated  by  the  fun  in  the  day- 
time, more  than  they  arc  cooled  in  the  night  ; 
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and  upon  this  account,  the  heat  will  keep  in- 
creating  in  the  fuinmer,  and  for  the  flime  rca- 
Ton  will  decreafe  in  winter,  when  the  nights 
lengthen. 

I fliould  exceed  the  limits  of  a Ledlure,  if 
I were  to  inquire  into  the  fcveral  concurring  cau- 
fes  of  the  temperatures  that  obtain  in  various  cli- 
mates; it  may  be  fufficient,  therefore,  to  obferve 
what  a remarkable  provifion  is  made  in  the  world, 
and  the  leveral  parts  of  it,  to  keep  up  a perpetual 
change  in  the  degrees  of  heat  and  cold.  Thefc 
two  arc  antagonihs,  or  as  Lord  Bacon  calls  them, 
the  very  hands  of  nature  veith  vshicb  Jhe  chief y 
'ii^orkelhy  the  one  expanding,  the  other  contrac- 
ting bodies,  fo  as  to  maintain  an  ofcillatory  mo- 
tion in  all  their  parts;  and  fo  ferviceable  arc  • 
thefe  changes  in  the  natural  world,  that  they  are 
promoted  every  year,  every  hour,  every  moment. 
From  the  oblique  pofition  of  the  ecliptic,  the  earth 
continually  prefents  a different  face  to  the  fun,  and 
never  receives  his  rays  two  days  together  in  the 
fame  direefion.  In  the  day  and  night,  the  differ- 
ences are  fo  obvious,  that  they  need  not  to  be  men- 
tioned, though  they  arc  moft  remarkable  in  thofe 
climates,  where  the  fun  at  his  fetting  makes  the 
greatcfl:  angle  with  the  horizon.  Every  hour  of  the 
day,  the  heat  varjes  with  the  fun’s  altitude,  is  alter- 
ed by  the  interpofiti5n  of  clouds,  and  the  aflion  of 
wunds;  and  there  is  little  room  to  doubt,  but  what 
the  various  changes  that  thus  take  place,  concur  in 
producing  many  of  thefmaller  and  greater  pheno- 
mena of  nature. 

Be  this  however  as  it  may,  it  is  certain  that 
the  various  irregularities  and  intemperature  of  the 
Clements,  w’hich  feem  to  delfroy  nature  in  one  fea- 
fon,  ferve  to  revive  it  in  another  : the  immoderate 
heats  of  fummer,  and  the  cxceffive  cold  of  winter, 
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prepare  the  beauties  of  the  fpring,  and  the  rich 
fruits  of  autumn.  Thefe  vicilTitudcs,  which  feem 
•to  fuperficial  minds  the  effects  of  a fortuitous  con- 
courfe  of  irregular  caufes^  are  regulated  according 
to  weight  and  meafure  by  that  sovereign  wisdom, 
who  weighs  the  earth  as  a grain, of  fand,  the  fea  as 
.a  drop  of  w ater. 

Our  obfervatLons  on  the  feafons  cannot  be  bet- 
ter concluded  than  in  the  w’ords  of  the  excellent 
Hooker,  A long  and  uninterrupted  enjoyment  of  blef- 
lings  is  apt  to  extinguilh  in  us  that  gratitude  to- 
wards the  author  of  them,  which  it  ought  to  che- 
rifli  and  invigorate  ; the  couric  of  nature  often 
glides  on  unobfejv,cd  when  there  are  no  variations 
therein;  and  the  fun  himfelf  fliineth  nnnoticed,  b.e- 
caufc  he  iliineth  every  day.  Since  the  time  that 
God  did  fird  proclaim  the  edids  of  his  law,  fays 
Hooker,  heaven  and  earth  have  hearkened  unto  his 
voice,  and  their  labour  has  been  to  do  his  wull. 
But  if  nature  fhould  intermit -her  courlb,  and  leave 
altogether;  though  it  were  but  for  a while,  the  ob- 
fervation  of  her  laws;  if  thofe  principles  and  mother 
^elements)  v/hereof  all  ihings  in  this  vvorld  are  made, 
Ihould  lofe  the  qualities  they  now  polTefs ; if  the 
frame  of  that  heavenly  arch  ereded  over  our  heads 
fnould  loofen  and  dillblvc  itfelf;  if  the  celeftiaf 
globes  flioiild  forget  their  wonted  motions,  and  by 
irregular  volubility  turn  thepifelves  any  way  as  it 
rriight  happen  ; if  the  prince  of  the  lights  of  hea- 
ven, which  now  as  a giant  doth  run  his  unwearied 
oourfe,  jfnould  as  it  were  through  a languifliing 
faintnefs  begin  to  fband  and  to  reit  himfclf ; if  the 
poon  diOLild  wander  from  her  beaten  way,  the  times 
and  lealons  of  the  year  blend  themfelves  together  by 
jdifordcr  and  confided  mixture,  the  winds  breathe 
out  their  lafl  gafp,  the  clouds  yield  no  rain,  the 
earth  be  defeated  of  heavenly  influence,  and 
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her  fruits  pine  aw^y  as  children  at  the  withered 
breads  of  their  mother,  no  longer  able  to 
them  relief;  what  would,  become  of  man  himielt, 
whom  all  thofe  things  do  now  ferve  ? And  how 
would  he  look  back  on  thofe  benefits,  for  which, 
when  they  were  daily  poured  upon  him  in  bonndlci# 
profufion,  he  forgot  to  be  thankful  ? 
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LECTURE  XXXIX. 


Am  Explanation  of  tiie  Phenomena  of  the 
Planets,  according  to  the  Coperkican 

System. 


I SHALL  here  define  again  feme  words  which  I 
have  already  explained,  and  recal  your  attention 
to  fomc  circumflances  which  I have  mentioned  in 
a former  Lefture.  Thefe  repetitions  will  not,  I 
hope,  be  an  objc{^l:  of  complaint,  as  they  will  render 
this  Lecture  more  perfect,  and  anfwer  the  benefi- 
cial purpofe  of  grounding  you  more  firmly  in  the 
Iciencc  we  are  now  treating. 

The  line  that  a planet  deferibes  round  the  fun 
is  called  it*s  orbit  ; the  motion  of  all  the  planets 
in  their  orbits  is  from  weft  by  the  fouth  to  the 
eafi;  this  is  called  their  annual  motion. 

The  orbits  of  the  planets  are  .not  all  in  the 
fame  plane,  but  in  planes  inclined  to  each  otlier, 
or  interfeCting  each  other  at  difi'erent  angles.  The 
orbit  of  the  earth  is  taken  as  a fiandard,  from 
whence  their  refpeCtive  inclinations  are  com- 
puted. 

The  planes  of  the  fevcral  orbits  of  the  pla- 
nets produced  to  the  fixed  fiars,  mark  the  feverai 
circles  which  each  planet  would  appear  rodeferibe 
in  the  fphere  of  the  heaven  to  a Ipcctator  placed  in 
the  fun  i thefe  circles  may  be  called  the  heliocentric 
orbits  of  the  planets. 

The  heliocentric  orbit  of  the  earth  is  the 
eclipic  : toa  fpeCtator  in  the  fun,  the  earth  will  ap- 
pear 
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pear  to  go  round  the  fun  in  th^e  ecliptic  caftward 
in  twelve  months. 

We  may  fappofe  as  many  great  circles  :js  we 
pleafe  to  be  defcribcd  upon  the  fphere  of  the  hea- 
vens, incerfeding  one  another  at  the  poles  of  the 
ecliptic,  and  cutting  it  at  right  angles;  thefe  are 
\Q.xu\^^^  Jecondar^es  ofjhe  ecliptic y and  circles  of  la- 
titude. The  latitude-o^  a planet’or  flar  is  it’s  dif- 
tance  from  the  ecliptic,  meafured  in  degrees,  &c- 
upon  a circle  of  latitude  palTing  through  the  ftar 
or  planet. 

The  latitude  a planet  would  appear  to  have, 
when  viewed  from  the  fun,  is  it’s  heliocentric  Jdti- 
tude  ; that  which  it  appears  to  have  to  an  inhabi- 
tant of  the  earth,  is  called  it’s  geocentric  latitude: 

By  the  place  of  a planet  is  meant  the  place  of 
it’s  center ; it’s  geocentric  place  is  that  where  it  ap- 
pears to  an  inhabitant  of  the  earth. 

The  two  points  where  the  ecliptic  is  cut  by 
the  heliocentric  orbit  of  a planet,  are  the  nodes  of 
the  planet.  The  afeending  node  is  the  point 
where  the  ecliptic  is  cut  by  the  planet,  before  it 
deviates  northward  therefrom.  The  defeending 
node  is  the  point  where  the  planet  cuts  the 
tcliptic  before  it  deviates  fouthward. 

X 

When  any  planet  has  paTed  it’s  afeending 
node,  it  deviates  more  and  more  northw'ard  till  it 
is  got  ninety  degrees  from  the  node,  then  it  is  at 
it’s  utiTX)fl  heliocentric  northern  latitude,  or  nor- 
thern limit;  from  thence  it  continually  approaches- 
'the  ecliptic  till  it  comes  to  after  paTing  which 
it  deviates  more  and  more  fouthward,  till  it  is  90 
degrees  from  this  node,  when  it  is  at  it’s  fouthern- 
limit,  or  utmoil  fouthern  heliocentric  latitude^ 
which  from  thence  continually  decreafes  till  tire 
planet  returns  again  to  the  afeending  node.  A 
planet  feen  from  the  earth,  only  appears  in  the 
ecliptic,  when  it  is  in  one  of  it’s  nodes, 
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The  equator  cuts  the  ecliptic  in  two  oppolitc 
points  when  the  fun  appears  in  one  of  thefc 
points,  it  is  our  vernal ; when  in  the  other,  it  is 
our  autumnal  equinox.  The  point  of  the  vernal 
equinox  is  counted  the  firft  point  of  the  ecliptic, 
becaufe  fpring  begins  the  ajlronomical  year ; this 
point  is  marked  T Aries. 

The  longitude  of  a celeflial  objcd:  is  the  num- 
ber of  degrees,  &c.  contained  upon  the  ecliptic, 
reckoning  from  X eaftward,  to  the  point  where  a 
circle  of  latitude  drawn  through  the  object  cuts 
the  ecliptic.  The  longitude  and  latitude  of  an  ob- 
ject: being  given,  it’s  place  in  the  fphcre  of  the 
heavens  is  known;  and  it’s  place  is  ufually  ex- 
prefTed,  by  faying  it  is  in  fuch  a degree  and  mi- 
nute of  fuch  a fign,  and  in  fuch  latitude. 

A planet  is  faid  to  be  in  conjundiion  with  the 
fun,  when  it’s  geocentric  place  is  very  near  the 
geocentric  place  of  the  fun  ; that  is,  W'hen  the  fun 
is  between  our  earth  and  the  planet,  or  when  the 
planet  is  between  -the  earth  and  the  fun. 

A planet  is  faid  to  be  in  oppofition,  wLen  it’s 
geocentric  place  is  oppofite  to  the  geocentric  place 
of  the  fun  ; that  is,  w hen  the  earth  is  between  the 
fun  and  the  plapxet. 

An  exail  or  central  conjun(51ion  or  oppofition 
can  happen  only  when  a planet  is  in  one  of  it’s 
nodes  ; it  is,  however,  ufual  to  term  it  a conjunc- 
tion or  oppofition,  when  the  fame  fecondary  of  the 
ecliptic  palFes  through  the  fun  or  any  planet,  though 
the  planet  has  latitude. 

When  the  geocentric  place  of  a planet  is  a 
quarter  of  a circle  diftant  from  the  geocentric  place 
of  the  fun,  the  planet  is  faid  to  be  in  quadrature. 

A planet  is  faid  to  be  diredf^  when  it’s  geocen- 
tric motion  is  eaftward  ; retrograde^  w'hen  weft- 
ward  ; flat  ionary,  when  it’s  geocentric  place  conti- 
nues the  fame  for  fome  time. 
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The  diftance  an  inferior  planet  fecn  from  the 
earth  appears  to  be  from  the  fuiij  is  called  ic*s 
elongatioju 

Of  the  Conjunctions  and  Elongations  of  The 
Inferior  Planets,  Mercury  and  Venus. 

There  are  two  different  fituations,  in  which 
an  inferior  planet  will  appear  in  conjundlion  with 
the  fun;  one  when  the  planet  is  between  the  fun 
and  the  earth,  the  other  when  the  fun  is  between 
the  earth  and  the  planet. 

Let  A,  fig.  2,  pi.  6,  be  the  earth  in  it’s  orbit, 
E the  place  of  Venus  in  EHG  her  orbit,  S the 
fun,  F V'P  Q R T D an  arc  in  the  harry  heaven. 

In  the  lituation  of  things  reprefented  in  this 
diagram,  the  fun  and  Venus  will  appear  in  the  fame 
point  of  the  heavens,  and  fo  be  in  conjundlion.  If 
Venus  be  at  G,  there  will  alfo  be  a conjundiion. 
When  the  planet  is  at  E,  nearer  to  the  earth  than 
the  fuH,  it  is  called  it’s  uiferio  'r  conjnn5Hon  ,♦  but 
when  the  planet  is  at  G,  farther  from  the  earth 
than  the  fun,  it  is  termed  the  fuperior  conjnnSlion 
of  the  planet. 

When  the  planet  is  either  at  E or  G,  it  has  no 
elongation  ; but  as  the  planet  moves  from  E to  y, 
it’s  elongation  increafes ; for  when  it  is  at  y,  it  ap^ 
pears  in  the  line  A y P,  w'hile  the  fun  appears  in 
the  line  A S Q ; fo  that  PAG  will  be  the  angular 
mpfure  of  it’s  elongation  or  defiance  from  the  fun. 
When  the  planet  arrives  at  n,  it  appears  in  the 
line  AxV,  which  is  a tangent  to  it’s  orbit,  and 
then  V A Q is  the  angular  meafure  of  it’s  elonga- 
tion ; which  is  the  greated  that  can  be  on  that  fide 
the  fun,  for  after  this  the  elongation  decreafes*. 
When  the  planet  is  at  K,  it’s  elongation  is  P A O* 
when  at  G,  it  is  nothing,  becaufe  it  is  then  in  iLs 
fuperior  conjunction;  as  the  planet  moves  on  from 
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G,  it’s  elongation  again  increafcs  ; for  when  it 
comes  to  C,  it  appears  in  the  line  A C R,  and  it’s 
elongation  is  RAO.  When  the  planet  comes  to 

H,  a line  drawn  from  the  earth  through  the  planet 
is  a tangent  to  the  orbit,  and  the  elongation  is  T A 
Q,  the  greateft  it  can  have  when  it  is  on  the  other 
lide  of  the  fun  ; for  after  this,  the  elongation  again 
decreafes. 

Hence  it  is  clear,  that  the  inferior  planets  can 
never  appear  far  from  the  fun,  but  mull  always  ac- 
company it  in  it’s  apparent  motion  through  the 
ecliptic.  When  w’e  fee  either  Venus  or  Mercury, 
it  is  either  in  an  evening,  in  the  .weft,  foonafter 
the  fun  has  fet ; or  in  a morning,  a little  before 
the  fun  rifes.  Venus  is  indeed  bright  enough  fomc- 
times  to  be  feen  in  the  day-time,  but  then  ftie  is 
never  far  from  the  fun.  The  greateft  elongation 
of  Venus  is  about  40,  and  of  Mercury  about  33  de- 
grees. 

Jf  the  earth  be  at  A,  fig.  2,  />/.  6,  \yhen  Venus 
appears  in  any  part  of  the  arc  ExG,  ftie  is  wefi- 
^ucard  from  the  fun,  and  therefore  rifes  before  him 
in  the  morning,  and  is  called  the  morning  ftar. 
When  ftie  appears  any  where  in  the  arc  G H E,  ftie 
is  eafiward  from  the  fun,  and  therefore  fets  after  him> 
is  feen  in  the  evening,  and  is  called  the  evening 
ftar. 

/ 

Falsity  of  the  Ptolemaic  System. 

$ 

From  the  apparent  motion  of  the  inferior 
planets,  we  derive  an  argument  to  fliew  the  falfity 
of  the  Ptolemaic  fyftem.  If  the  earth  was  within 
tlie  orbit  of  Venus,  as  this  fyftem  fuppofes,  ftie  might 
be  fometimes  on  one  fide  the  earth  whilft  the  fun 
Was  on  the  oppofite  fide  ; in  other  words,  Venus 
might  be  fometimes  in  oppofition ; but  Venus  is 
never  Jeen  in  oppofition,  therefore  the  earth  is  not 

within 
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within  the  orbit  of  Venus,  and  confcquently  the 
Ptolemaic  fyftem  ;s  not  true.  The  fame  reafoning 
applies  to  Mercury. 

Of  the  Retrograde,  Stationary,  and  Direct 
Motions  of  Mercury  and  Venus. 

It  is  cafy,  on  the  Copernican  fyllcm,  to  explain 
why  the  inferior  planets  appear  to  move  fometimes 
in  one  direction,  fometimes  in  a contrary  one,  and 
at  other  times  to  be  ftationary;  for  it  is  the  natural 
refult  ot  the  refpedive  fituations  and  motions  of  the 
earth  and  thefe  planets.  But  on  the  Ptolemaic 
fyftem,  it  is  inexplicable  without  calling  in  the  aid 
of  a very  complicated  hypotbefis. 

When  the  inferior  planets  are  pafhng  from 
their  greateft  elongation,  on  one  fide  of  the  fun, 
through  their  fuperior  conjundion,  to  their  great- 
eft  elongation  on  the  other  fide,  their  motion,  as 
viewed  from  the  earth,  is  direfl.  In  order  to  ex- 
plain this  propofition,  w^e  fhall  firfl  fuppofe  the 
earth  to  be  at  reft  at  A,  jig.  2,  pi.  6,  and  corred 
this  fuppofition  afterwards,  by  fliewing  that  the 
apparent  motion  of  Venus,  or  Mercury,  feen  from 
the  earth,  is  the  fame  in  this  refped,  whether  me 
c'arth  moves  in  it’s  orbit,  or  refts  at  A. 

The  propofition  to  be  explained  is  this:  that 
as  Venus,  for  inftance,  moves  from  x,  it’s  greateft 
elongation  on  one  fide  of  the  fun,  through  G it’s 
fuperior  coniundion,  to  PI  it’s  greateft  elongation 
on  the  other  tide,  it  w ill  appear  to  a fpedator  upon 
the  earth,  to  move  from  weft  lo  eaft  according  to 
the  order  of  the  figns;  that  is,  \Vs,  gcccenlric  motion 
'will  he.  diredj. 

The  planets  move  round  the  fun  from  weft  to 
eaft,  and  confc\']uently  if  there  was  a fpedator  at 
the  fun,  they  would  appear  to  him  to  move 
.through  the  zodiac,  according  to  the  order  of  the 

G 3 iigns; 
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iigns;  or  in  other  words,  the  heliocentric  motion 
or  Venus  is  diredl.  Now  if  the  fun  and  the  earth 
A,  are  both  on  the  fame  fide  of  the  planet,  a fpec- 
tator  at  the  earth  is  in  the  fame  fituation  with  rea- 
ped to  the  planet  apd  it’s  motion,  as  if  he  had  been 
at  tne  fun:  for  whilft  the  planet  is  moving  from  x 
tnroLigh  G to  PI,  a fpcdator  either  at  A or  S is  on 
the  concave  fide  of  the  planet’s  orbit;  and  confe- 
quently  the  planet  will  appear  to  move  in  the  fame 
manner  from  either;  but  the  apparent  motion  of 
the  planet,  when  feen  from  the  fun,  is  dired,  and 
confcquently  it’s  motion,  when  feen  from  the  earth 
^'V//  alfo  be  direct . * 

When  Venus  is  at  x,  it  appears  to  a fpedator 
on  the  earth  at  A,  to  be  in  the  line  A x V,  or  is 
feen  among  the  ftars  at  V ; when  Venus  has  moved 
to  K,  it  is  feen  among  the  fixed  flars  at  P;  when 
Jt  has  moved  to  G,  it  is  in  it’s  fuperior  conjundion; 
when  it  has  moved  to  C,  it  appears  among  the  fix- 
ed ftars  at  ; and  when  it  is  come  to  K,  it  appeal's 
among  the  fixed  ftars  at  T.  Thus  whilft  Venus  has 
moved  in  it’s  orbit  from  x,  it’s  greateft  elongation 
on  one  fide  of  the  fun,  through  G it’s  fuperior  con- 
junction, to  H it’s  greateft  elongation  on  the 
other  fide,  it  appears  to  have  deferibed  the  arc  V 
P Q R T in  the  concave  fphere  of  the  heavens  ; but 
|:he  letters  x K G C PI  lie  from  \i  eft  to  eaft,  becaufe 
they  lie  in  the  fame  diredion  that  the  planet  moves 
round  tjie  fun ; and  the  letters  V P O R T lie  in  the 
fame  diredion  with  x K G C H,  Therefore,  as  the 
planet  feems  to  a fpedator  on  the  earth,  to  deferibe 
the  arc  V P Q R 1',  it’s  apparefU  motion,  feen  from 
the  earth,  is  dtrebjy  or  from  weft  to  eaft. 

As  the  inferior  planets  move  from  their  great- 
eft elongation  on  one  fide  of  the  fun,  through^heir 
inferior  conjundion,  to  their  greateft  elongation  on 
the  other  fide,  their  geocentric  motion  is  retro- 
gradC;. 
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Whilft  Venus,  for  inftance,  is  moving  from 
it’s  greateft  elongation  H,  through  it’s  inferior  con- 
jun(flion  K,  to  it’s  other  greateft  elongation  x,  it 
appears  to  a fpedtator  upon  the  earth  at  A,  to  move 
backwards,  or  from  eaftto  weft,  contrary  to  the 
order  of  the  ftgns. 

A fpeclator  at  the  fun  is  on  the  concave  fide  of 
the  planet’s  orbit.  But  whilft  Venus  is  moving 
from  it’s  greateft  elongation  H on  one  lide,  through 
E it’s  interior  conjundion,  to  x it’s  greateft  elon- 
gation on  the  other  fide,  a fpeeftator  upon  the  earth 

is  on  the  convex  fide  of  it’s  orbit. 

Therefore,  if  a fpeeftator  at  the  fun  S would  fee 
the  planet  move  one  way,  a fpeefator  at  the  earth 
A will  fee  it  move  the  contrary  way;  or  the  geo- 
centric motion  will  be  contrary  to  it’s  heliocentric 
motion,  and  therefore  retrograde;  for  asfeen  from 
the  fun,  it’s  motion  is  always  direeb. 

That  two  fpedators,  one  at  the  earth,  the  other 
at  the  fun,  as  they  are  on  contrary  fides  of  the  arc 
HEx,  will  fee  the  planet  apparently  move  con- 
trary ways,  may  be  rendered  more  plain  by  the  fol- 
lowing familiar  confideration.  If  two  men  ftand 
with  their  faces  towards  each  other,  and  a balMs 
rolled  along  upon  the  ground,  this  ball  will  move 
from  the  right  hand  of  one  of  the  men  towards  his 
left,  and  from  the  left  hand  of  the  other  towards  his 
right.  In  like  manner,  if  one  man  is  at  the  earth 
A,  and  the  other  at  the  fun  S,  then  whilft  the  planet 
is  deferibing  the  arc  Hex  which  is  between  them, 
it  will  appear  to  move  from  the  right  hand  of  the 
man  at  S towards  his  left,  and  from  the  left  hand 
of  the  man  at  A towards  his  right. 

Whilft  the  motion  of  Venus  is  diredf,  or  while 
it  is  deferibing  the  arc  x G H,  it  appears  to  move 
from  V to  T,  among  the  fixed  ftars.  But  after  it 
has  been  carried  in  it’s  orbit  from  H to  O,  it  ap- 
pears in  the  line  A z R,  and  is  feeu  among  the  fixed 

G 4 ftars 
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(lars  at  R.  When  it  connes  to  E,  it  appears  at  Q; 
and  when  aty,  it  s appaient  place  in  the  heavens  is 
Thus  as  the  planet  palTes  from  it’s  greateft 
elongation  H on  one  fide  of  the  fun,  through  it’s 
inferior  conjunction  E,  to  it’s  greatcff  elongation  x 
on  the  other  fide,  it  apparently  runs  back  from  T /o  V, 
Inflationary^  or  has  no  apparent  motion 
for  fome  tjme,  when  it  is  at  it’s  greateft  elonga- 
tion ; that  is,  when  it  is  at  H or  x,  and  it’s  appa- 
rent place  is  either  at  T or  V. 

When  either  of  the  inferior  planets,  Venus  for 
inftance,  is  at  it’s  greateft  elongation  H or  x,  a 
line  drawn  from  the  earth  through  the  planet,  as 
A H 1 , or  A X V,  is  a tangent  to  the  orbit.  Now 
though  a right  line  touches  a circle  but  in  one 
point,  yet  fome  part  of  the  circle  greater  than  a 
point  is  fo  ne:m  to  tnc  tangent,  as  not  to  be  diftin- 
guifhed  from  it.  Thus  the  arc  bd  fo  nearly  coin- 
cides with  the  tangent  A H T,  that  a fpehfator’s 
eye  placed  at  A,  could  not  diftinguifti  the  tangent 
from  tlris  part  of  the  curve.  Confequently,  while 
the  planet  is  deferibing  this  arc,  no  other  change 
will  be  made  in  it’s  geocentric  place,  than  if  it  was 
to  move  in  the  tangent. 

put  the  geocentric  place  of  the  planet  would 
not  be  altered,  if  the  planet  was  to  move  in  the 
tangent.  For  if  it  was  to  move  from  T towards 
A,  or  from  A to  V,  the  apparent  place  of  it  in  the 
heavens  would  in  one  cafe  be  at  T,  in  the  other  cafe 
at  V.  Therefore,  while  the  planet  is  at  it’s  greateft 
elongation,  and  is  deferibing  a fmall  arc  in  it’s 
orbit,  that  nearly  coincides  with  the  tangent,  it’-g 
geocentric  place  does  not  alter,  but  it  appears  to 
continue  for  fome  time  in  the  fame  part  ofthehea 
yens,  or  \s  ft  at  ionary. 

We  have  hitherto  fuppofed  the  earth  to  be  at 
reft,  and  upon  that  fuppolition  have  explained  the 
progrefs  and  regrefs,  the  conjuneftions  and  ftations 
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of  the  inferior  planets.  If  this  fuppofition  was 
true,  V T,  or  the  arc  which  the  planet  at  any  time 
defcribes  in  it’s  progrcfs,  and  TV,  the  arc  which 
it  defcribes  in  it’s  rcgrefs,  would  always  be  in  the 
fame  part  of  the  heavens.  The  planet,  when  in 
conjunction,  would  always  appear  at  Q among  the 
fame  fixed  fiars ; and  at  iVs  elongation,  or  when  it 
is  flationary,  it  would  always  appear  among  the 
fame  fixed  liars  T on  one  fide  of  the  lun,  and  at  V 
on  the  other  fide. 

But  this  fuppofition  is  not  true ; for  the  earth 
revolves  in  it’s  orbit  ABO  round  the  fun.  Now 
if  the  earth  is  at  A,  the  time  of  either  conjunction, 
the  planet  at  this  conjunction  would  appear  among 
the  fixed  fiars  at  Q,  and  the  arcs  of  the  greatell 
elongation  QV  and  QT.  would  be  on  each  fide  of 
thofe  fiars.  But  if  the  earth  is  at  B,  at  the  time  of 
cither  of  the  conjunc^lions,  then  at  the  time  of  this 
conjunction,  the  planet  will  appear  in  the  line  BS 
T,  and  be  fecn  among  the  fixed  fiars  at  1 , and  the 
arcs  of  the  greateft  elongation  w ill  be  on  each  fide 
of  thefe  fiars  ; that  is,  the  conjunctions  and  elonga- 
tions will  happen  in  a different  part  of  the  heavens, 
when  the  earth  is  at  B,  from  what  they  happen 
when  the  earth  is  at  A.  In  other  refpeCts,  the 
foregoing  phenomena  will  be  much  the  fame,  not- 
withfianding  the  motion  of  the  earth,  only  the  pla- 
net w ill  be  more  direCt  in  the  fartheft  part  of  the 
orbit,  and  lefs  retrograde  in  the  neareft. 

The  direct  and  retrograde  motion  is  fometimes 
fwifter,  fometimes  flower.  The  direct  motion  is 
fwiftefi,  when  the  fun  is  between  us  and  the  planet; 
their  retrograde  fwiftefi,  when  they  are  between  us 
and  the  fun. 

When  an  inferior  planet,  viewed  from  a fupe» 
rior,  moves  apparently  retrograde,  the  fuperior 
planet  has  alfo  a retrograde  motion. 

When  a fuperior  planet,  viewed  from  an  in- 
ferior, 
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ferior,  appears  flationaty,  the  inferior  planet  view, 
ed  at  the  fame  time  from  the  fuperior  is  alfo  ila^ 
® tionary. 

Other  Appearances  of  the  Inferior  Planets. 

The  inferior  planets,  it  is  plain  from  what  1 
have  fhewn  you,  always  appear  very  near  the  fun. 
But  from  the  motion  of  the  earth,  the  fun  appears 
in  different  parts  of  the  heavens  in  different 
times  of  the  year  ; confequently,  as  the  inferior 
planers  are  always  very  near  the  fun,  they  will  ap- 
pear in  different  parts  of  the  heavens  at  different 
times  of  the  year  ; and  their  Gonjuncffions,  &c.  will 
happen  fometimes  in  one  part  of  the  heavens,  fomc- 
times  in  another  part. 

Venus,  feen  from  the  earth,  appears  to  vibrate 
in  an  arc,  half  of  w'hich  is 'on  one  fide  of  the  fun’s 
apparent  place,  half  on  the  other. 

Venus  has  been  feen  fometimes  moving  acrofs 
the  fun’s  dilk  in  the  form  of  a round  black  fpot, 
with  an  apparent  diameter  of  about  lifty-nine 
feconds. 

It  has  been  found  by  obfervation,  that  the  or- 
bit of  Venus  is  an  ellipfe,  having  the  fun  in  one 
focus. 

The  upper  apfis  of  the  orbit  is  called  the 
apbeliony  the  louder  apfis  is  called  the  perihelioHy  of 
Venus.  The  line  ot  the  apfides  has  a Oow’  motion 
eaftvvard,  at  the  rate  of  2 degrees,  44  minutes,  46 
feconds  in  a century.  The  nodes  of  Venus  move 
wertw  ard  about  31  feconds  in  a year. 

Venus  moves  in  her  orbit,  fo  as  to  deferibe 
round  the  fun  areas  proportional  to  the  tiincs, 
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Of  the  Phases  of  Venus. 

That  the  planets  are  opake  bodies,  and  fhine 
only  by  the  light  they  receive  from  the  fun,  is 
plain,  becaufe  they  are  not  vifible  in  fuch  parts  of 
their  orbits  as  are  between  the  fun  and  earth,  that 
is,  when  their  illuminated  fide  is  turned  from  us. 

The  line  in  the  planet’s  body,  which  diflin- 
guifhes  the  lucid  from  the  obfeure  part,  appears 
fometimes  flrait,  fometimes  crooked.  The  convex' 
part  of  the  curve  is  fometimes  towards  the  fplcndid 
part,  and  the  concave  fide  towards  that  which  is 
obfeure  ; and  vice  verfa,  according  to  the  iituatioii 
of  the  planet  with  refpedl  to  the  eye  and  the  fun.  ' 
The  inferior  planets  going  round  the  fun  in 
lefs  orbits  than  our  earth  does,  will  fometimes  have 
more,  fometimes  lefs  of  their  illuminated  fide  to- 
wards us ; and  as  it  is  the  illuminated  part  only 
which  is  vifible  to  us.  Mercury  and  Venus  will, 
through  a good  telefcope,  exhibit  the  feveral  ap- 
pear'ances  of  the  moon,  from  a fine  thin  crefeent 
to  the  enlightened  hcmifphere. 

if  we  view  Venus  through  a telefcope,  when 
ihc  follows  the  fun’s  rays  on  the  eaftern  fide,  and 
appears  above  the  horizon  after  fun-fet,  we  fhall 
fee  her  appear  nearly  round,  and  but  fmail ; fhe 
is  at  that  time  beyond  the  fun,  and  prefents  to  us  an 
enlightened  hemifphere.  As  fhe  departs  from  the 
fun  towards  the  eafh,  flie  augments  in  her  apparent 
lize  ; and  on  vievvihg  her  through  a telefcope,  is 
feen  to  alter  her  figure,  abating  of  her  apparent 
roundnefs,  and  appearing  fucceflively  like  the 
moon,  in  the  different  ftages  of  her  decreafe.  At 
length,  when  fhe  is  at  her  greateff  elongation,  fhe 
is  like  the  moon  in  her  hrft  quarter,  and  appears  as 
flic  does  when  from  a full  flie  has  decreafed  to  half 

a moon. 
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After  this,  as  flic  approaches  (in  appearance^ 
to  the  fun,  file  appears  concav'e  in  her  illuminated 
part,  as  the  moon  when  (lie  forms  a crefeent  ; thus 
ihe  continues  till  Ihe  is  hid  entirely  in  the  fun’s 
rays,  and  prefenis  to  us  her'whole  dark  hemifphere, 
as  the  moon  does  m her  conjundfion,  no  part  of 
the  planet  being  then  vihble. 

When  file  departs  out  of  the  fun’s  rays  on  the 
wedern  fide,  we  fee  her  in  the  morning,  jud  before 
day-break.  It  is  in  this  fituation  that  Venus  is 
called  the  morning  far,  as  in  the  other  fhe  is  called 
the  evening  far.  She  at  tlxis  time  appears  very 
beautiful,  like  a fine  thin  crefeent:  juft  a verge  of 
filver  light  is  feen  on  her  edge.  From  this  period  flie 
grows  more  and  more  enlightened  every  day,  till  (lie 
is  arrived  at  her  greateft  digreftion  or  elongation, 
when  fhe  again'  appears  as  a half  moon,  or  as  the 
moon  in  her  firft  quarter  ; from  this  time,  if  con- 
tinued to  be  viewed  with  a telefcope,  fne  is  found 
to  be  more  and  miorc  enlightened,  .though  ftie  is  all 
the  while  decrcafing  in  magnitude,  and  thus  con- 
tinues growing  fmaller  and  rounder,  till  flae  is 
again  hid  or  loft  in  the  fun’s  rays. 

Fig.  I,  pL  8,  reprefents  the  orbits  of  Ve- 
nus and  the  earth,  with  the  fun  in  the  center  of 
them.  The  planet  Venus  is  drawn  in  eight  different 
fituations,  wdth  it’s  illuminated  henufpheres  to- 
w'ards  the  fun.  if  we  fuppofe  the  earth  to  be  at 
T,  when  Venus  is  at  A,  her  daik  hemifphere  is 
towards  the  earth,  and  ilie  is  therefore  invifible, 
except  the  conjundlion  happens  in  her  node,  for 
then  ftie  appears  like  a dark  fpot  upon  the  dife  of 
the  fun.  When  Venus  is  at  B,  a little  of  her  en- 
lightened fide  is  turned  towards  the  earth,  and 
therefore  fne  appears  ftuirp- horned  ; when  file  is  at 
C,  half  her  enlightened  hemifphere  is  turned  to- 
wards the  earth,  and  flic  appears  like  an  half  moon; 
^t  more  than  half  her  enlightened  hemifphere  is 

towards 
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towards  us,  and  llie  appears  like  the  moon  about 
three  days  before  it  is  full ; at  E,  the  whole  en- 
lightened hemir[)here  is  towards  the  earth.  Venus 
is  then  either  behind  the  fun,  or  fo  very  near  him, 
that  file  can  hardly  be  feen;  but  if  Ibe  could,  flie 
would  appear  round  like  the  full  moon.  At  F fhe 
is  like  the  moon  three  days  after  the  full ; at  G 
like  a half  moon  again  ; at  H like  a crefeent,  with 
the  points  of  the  horns  turned  the  contrary  way  to 
what  they  were  at  B.  All  this  is  equally  applica- 
ble to  Mercury. 

i%.  2,  pL  8,  exhibits  the  different  appear- 
ances of  Venus,  correfponding  to  her  fcveral  fitua- 
tions  in  the  foregoing  figure;  thus  when  Venus  is 
at  Ay  Jig.  I,  fhe  is  quite  dark,  as  at  A,  fig.  2 ; when 
fhe  is  at  B,  jig.  i,  flie  appears  as  at  B,  fig.  2,  &c. 

The  inferior  planets  do  not  fhine  brightcH; 
when  they  are  full  ; thus  Venus  does  not  appear 
brightelf  in  her  fuperior  conjuneftion,  though  her 
illuminated  hcmifphcre  be  then  turned  towards  us. 
Her  fplendor  is  more  diminiflicd  by  her  being  at 
a greater  dihance  from  us,  than  the  confpicuoos 
part  of  her  illuminated  dife  is  increafed.  Dr. 
Halley  has  fhewn,  that  Venus  is  brighteft  when  her 
elongation  from  the  fun  is  about  40  degrees.*  Mer- 
cury is  in  his  greatdl  brightnefs,  when  very  near 
his  utmolf  elongation. 


Of  Mercury. 

The  planet  Mercury  refembles  Venus  in  all 
the  circumffances  of  her  apparent  motion,  .and  we 
make  fimilar  inferences  with  refpeef  to  the  real 
motions.  His  orbit  is  an  ellipfe,  having  the  fun  in 
one  focus. " The  apfides  move  eaftward  i degree, 
. 57  minutes,  20  fcconds  in  a century;  the  nodes 

move 
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move  weflward  45  feconds  in  a year ; and  areas  are 
delcnbed  proportional  to  the  times. 

Of  the  Superior  Planets. 

^^’P^tior  planers  exhibit  phenomena  con- 
fidcrably  diiferent  from  thofe  exhibited  by  Mer~ 
cury  and  Venus. 

1 hey  come  to  our  meridian  both  at  noon  and 
midnight;  when  they  come  to  our  meridian  at 
noon,  and  are  in  the  ecliptic,  they  are  never  feen 
crofling  the  fun’s  dife. 

They  arc  always  retrograde  when  in  oppofi- 
tion,  and  dirc6t  when  in  conjundlion. 

1 have  already  obferved  to  you,  that  the 
greatefl  elongation  of  either  of  the  inferior  planets 
is  lefs  than  90  degrees,  or  a quarter  of  a circle;  fo 
that  they  are  never  far  from  the  fun,  but  conflantly 
attend  it.  But  the  fuperior  planets  do  not  always 
accompany  the  fun,  as  the  inferior  ones  do:  they 
are  indeed  fometimes  in  conjundion  with  it,  but 
^ then  they  are  alfo  fometimes  in  oppojltion  to^  or 
1 80  degrees  from  it. 

To  be  more  particular,  let  S,  fig.  3,  pi.  6,  be 
the  fun  ; A B C D the  orbit  of  any  fuperior  planet. 
Mars,  for  indance  ; E F G the  earth’s  orbit.  If 
the  earth  be  at  E,  the  fun  at  S,  and  the  planet  at* 
p,  the  fun  and  the  planet  will  be  both  on  the  fimc 
fide  of  the  earth  ; and  confcquently  the  planet  will 
appear  in  conjundion  with  the  fun.  But  as  the 
orbit  of  the  earth  is  between  the  fun  and  the  orbit 
of  the  fuperior  planet,  it  is  poflible  for  the  earth  to 
be  between  the  fun  and  the  planet,  and  confe- 
quently  for  the  planet  and  the  lun  to  be  on"  oppo- 
litefides  of  the  earth,  or  the  planet  to  be  in  oppo- 
fition  ; thus,  if  w’hen  the  earth  is  at  E,  Mars  be  at 
A,  he  is  then  in  oppohtion  to  the  fun. 


A fupe~ 
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A fupcrior  planet  is  in  quadrature  with  the 
fun,  when  it’s  geocentric  place  is  90^^  from  the 
geocentric  j>lace  of  the  fun  ; thus  if  the  earth  be  at 
E,  and  Mars  at  B or  C,  he  is  in  quadrature  with 
the  fun  ; for  the  lines  A E,  E B,  form  a right  angle, 
as  do  alfo  the  lines  E A,  E C. 

Of  THE  Direct,  Stationary,  and  Retrograde 
Motion  of  the  Superior  Planets. 

As  the  earth  goes  round  the  fun  in  lefs  time, 
and  in  a Icfs  orbit  than  any  of  the  fuperior  planets, 
it  will  not  be  amifs  to  fuppofc  a fupcrior  planet  to 
Band  Bill  in  fome  part  of  it’s  orbit,  while  the  earth 
goes  once  round  the  fun  in  her’s,  and  confider  the 
appearances  the  planets  would  then  have,  which  are 
thefe:  i.  While  the  cartli  is  in  her  moB  diBant  fe- 
micircle,  the  apparent  motion  of  the  planet  w’ould 
be  diredf.  2.  While  the  earth  is  in  her  iicareB  fe- 
micircle,  the  planet  would  be  retrograde.  3. 
While  the  earth  is  near  the  points  of  contacB  of  a 
line  drawn  from  the  planet,  fo  as  to  be  a tangent 
to  the  earth’s  orbit,  the  planet  would  be  ftationary. 

To  iiluBrate  this,  let  A B C D E F G H,  pi.  7, 
fig.  I,  be  the  orbit  of  the  earth,  S the  fun,  P Q O V 
the  orbit  of  Mars,  L,  M N T an  arc  of  the  ecliptic. 
I.et  us  fuppofc  the  planet  Mars  to  continue  at  P, 
while  the  earth  goes  round  in  her  orbit,  according 
to  the  order  of  the  letters  A B C,  &c.  A B C D E 
V G H may  be  confidcred  as  fo  many  Bations,  from 
whence  an  inhabitant  of  the  earth  would  view  Mars 
at  diBercnt  times  of  the  year;  and  if  Brait  lines  be 
drawn  Iroin  each  of  thefe  Bations,  through  Mars  at 
P,  and  continued  to  the  ecliptic,  they  will  point 
out  the  apparent  place  of  Mars,  at  thefe  diBerent 
Bations. 

Thus  fuppofing  the  earth  at  A,  the  planet  will 
be  feen  among  the  Bars  at  L; ' when  the  earth  is  ar- 
rived 
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rived  at  B,  the  planet  will  appear  at  M;  and  in  the 
fame  manner  when  at  C D and  E,  it  will  be  feen 
among  the  Ears  at  N R T ; therefore,  while  the 
earth  moves  over  the  large  part  of  the  orbit  ABC 
DE,  the  planet  will  have  an  appaiHint  motion  from 
L to  r,  and  this  motion  is  from  weE  to  eaE,  or 
the  fame  way  with  the  earth  ; and  the  planet  is  faid 
to  move  direct,  or  according  to  the  order  of  the 
ligns.  When  the  earth  is  near  to  A and  E,  the 
point  of  contad:  of  the  tangent  to  the  earth^s  or- 
bit, the  planet  will  be  Jhittonary  for  a fliort  fpacc 
of  time. 

When  the  earth  moves  from  E to  H,  the  pla- 
net feerns  to  return  from  T to  N ; and  while  it 
moves  from  fl  to  A,  it  will  be  retrograde  to  L, 
where  it  will  again  be  Eationary : and  fince  the 
part  of  the  orbit  which  the  earth  defcribes  in  paf- 
ling  from  A to  E,  is  much  greater  than  the  part 
E H P,  though  the  fpace  T L which  the  planet  de- 
fcribes in  dired  and  retrograde  motion  is  the  fame, 
the  dired  motion  from  L to  T muEbe  much  Eow'- 
er  than  the  retrograde  motion  from  T to  L. 

When  the  earth  is  at  C,  a line  draw  n from  C 
through  S and  P to  the  ecliptic,  fhews  that  Mars 
is  then  in  conjundion  with  the  fun.  ' But  w^hen 
the  earth  is  at  H,  a line  drawn  from  H through  ' 
P,  and  continued  to  the  ecliptic,  would  terminate 
in  a point  oppofite  to  S ; therefore  in  this  fituation 
Mars  would  be  in  oppofition  to  the  fun.  Thus  it 
appears  that  the  motion  of  Mars  is  dired  wTen  in 
conjundion,  and  retrograde  when  in  oppohtion. 

The  retrograde  motions  of  the  fuperior  planets 
happen  oftener,  the  Eow'er  their  motions  are;  as 
the  retrograde  motions  of  the  inferior  planets  hap- 
pen oftener,  the  fwifter  their  angular  motions  ; be- 
caufe  the  retrograde  motions  of  the  fuperior  planers 
depend  upon  the  motions  of  the  earth ; but  thofe 
of  the  inferior  on  their  own  angular  motion.  A 

fuperio^r 
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fupcrior  one  is  retrograde  once  in  each  revolution 
of  the  earth  j an  inferior  one  in  every  revolution  of 
it’s  own. 

Other  Phenomena  of  the  Superior  Planets. 

The  fuperior  planets  are  fometimes  nearer  the 
earth  than  at  other  times;  they  alfo  appear  larger, 
or  fmaller,  according  to  their  different  dillances 
from  us.  Thus  fuppofc  the  earth  to  be  at  C ; if 
Mars  be  at  P,  he  is  the  whole  diameter  of  the 
earth’s  orbit  nearer  to  us,  than  if  he  were  at  V, 
and  confeqiiently  his  dife  muff  appear  larger  at  V 
than  it  would  be  at  P.  In  other  places,  the 
diftances  of  Mars  from  the  earth  are  interme- 
diate. 

The  fupcrior  planets  going  round  the  fun  in 
larger  orbits  than  the  earth,  turn, much  the  greater 
part  of  their  enlightened  hemifphere  towards  it, 
and  therefore  appear  round  like  the  full  moon,  .ex- 
cept Mars,  who  fometimes  appears  like  the  moon  at 
a little  diftance  from  the  full. 

They  alfo  move  in  an  ellipfe,  having  the  fun  in 
the  center;  the  areas  deferibed  are  proportional  to 
the  times. 

They  are  fometimes  nearer  to,  fometimes  fur- 
ther from  the  earth,  and  their  apparent  diameter 
is  found  to  vary  according  to  the  difference  in 
their  diftance. 

Of  the  Secondary  Planets,  or  Satellites. 

As  the  moon  turns  round  the  earth,  enlight- 
ening our  nights,  by  reflcdhing  the  light  ffe  re- 
ceives from  the  fun,  fo  do  other fatcllites  enlighten 
the  planets  to  which  they  belong;  and  as  it  keens 
company  with  the  earth  in  it’s  annual  revolution 
round  the  fun,  fo  do  they  fevcrally  accompany  the 
Vol.  I\.  H planets 
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planets  to  which  they  belong  in  their  feverai 
courfes  round  that  luminary.  Jupiter  has  four 
fatellites,  Saturn  fevcn,  the  Georgium  Sidus  two. 

The  exiftencc  of  all  the  fatellites  except  the 
moon  would  have  been  unknown  to  us  without 
the  ufe  of  the  telefcope. 

The  fatellites  are  diftinguifhed  according  to 
their  places,  into  firf!:,  fccond,  &c.  the  firfl  being 
that  which  is  ncareft  the  planet. 

The  fatellites  revolve  round  their  primaries 
in  elliptic  orbits,  the  primary  planets  being  in  the 
focus. 

The  orbits  of  all  Jupiter’s  fatellites  are  nearly 
but  not  exactly  in  the  fame  plane,  which  pro- 
duced makes  an  angle  with  the  plane  of  Jupiter’s 
orbit  of  about  3°.  The  fecond  deviates  a little 
from  the  reft. 

The  planes  of  the  orbits  of  the  fecondary  planets 
produced,  interfect  the  heliocentric  orbits  of  their 
primaries  in  tw  o oppofite  points,  which  are  called 
their  nodes.  The  planes  of  the  orbits  of  the  fatel- 
lites of  Jupiter  and  Saturn  produced,  interfed;  the 
ecliptic  in  two  oppolite  points:  thefe  points  of 
inteiTcBion,  to  diftinguifti  them  from  the  other, 
may  be  called  the  geocentric  nodes  of  the  fatellites. 
The  orbits  cf  Jupiter  and  Saturn  are  fo  fmall  in 
comparifon  of  the  fphere  of  the  fixed  ftars,  that  the 
places  of  their  fatellites  nodes  are  not  fenfibly 
altered  by  their  primaries  being  in  diiferent  parts 
of  their  orbits. 

The  orbits  of  all  Saturn’s  fatellites,  except  the 
fth,  w’hich  deviates  from  the  reft  feverai  degrees, 
are  nearly  in  the  fame  plane.  They  are  nearly 
parallel  to  the  plane  of  the  equator.  The  orbit  of 
Saturn’s  5th  fatellite  makes  an  angle  with  the  or- 
bit of  his  primary  of  13®  8h 

A fatellite  in  one  of  it’s  nodes,  feen  from  it’s 

primary,  appears  in  the  orbit  of  it’s  primary : in 
i ' all 
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all  other  parts  of  it’s  orbit,  it  has  latitude  feen  from 
it’s  primary. 

livery  circle,  whofe  plane  produced  pafTes 
through  the  eye,  appears  a ftrait  line:  every  circle 
viewed  obliquely  will  appear  an  cllipfis,  more  or 
iefs  w’ide,  according  as  the  eye  is  more  or  lefs 
elevated  above  the  plane  of  the  circle.  The  orbit 
of  a fatellite  feen  from  the  earth,  when  it’s  prima- 
ry’s heliocentric  place  is  in  his  fatellite’s  true  node, 
and  the  earth  in  it’s  geocentric  node,  appears  a 
drait  line : when  the  primary  is  in  any  other  part 
of  his  orbit,  the  fatellite’s  orbit  will  appear  an  el- 
lipfis,  whofe  Ihorteft  axis  increafes,  the  further 
the  f^imary  is  from  the  node  of  the  fatellite. 

1 he  earth  s orbit  is  fo  fmall  in  comparifon  of 
the  orbits  of  Jupiter  and  Saturn,  that  whatever 
part  of  her  orbit  the  earth  is  in,  when  thefe 
planets  are  in  their  fatellites  true  nodes,  their 

stellites  will  appear  to  deferibe  lines  very  near  to 
lira  It  ones. 

M hen  a fatellite  is  in  it’s  fuperior  fcmicirele 
f.  that  which  is  furthdl  from  the  earth,  it’s  geol 
centric  motion  is  dired:  when  in  it’s  inferior  femi- 
circle,  /.  tf.  that  nearefl  our  earth,  it’s  geocentric 
motion  is  retrograde.  J3oth  thefe  motions  feem 
quickefl,  when  the  fatellite  is  nearefl:  the  center 
ot  the  primary,  and  Rower  when  they  are  more 
diltant;  at  the  greaceft  diflance  they  appear  fta- 
tionary  for  a fliort  time. 

Since  the  diftance  of  Jupiter  and  Saturn  from 
our  earth  is  very  great,  and  our  eye  is  never  elc- 
vated  much  above  the  planes  of  their  orbits,  every 
fatellite  ot  Jupiter  or  Saturn  feen  from  our  earti/ 
will  appear  always  near  it’s  primary,  and  to  have 
an  ofcillatory  motion,  foiiietimcs  in  a ttrait  line 
fomet.mes  in  an  elliptic  curve,  going  from  it’s  pril 

'■‘-‘^“'■"'‘'8  toit  again,  hrlt  on  one  tide, 
and  then  on  the  ocher.  The  fatellites  of  Jupiter 

or 
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or  Saturn  will  fometimes  be  hid  from  us  by  their 
primary,  fometimes  pafs  between  us  and  their  pri- 
mary, fometimes  a fatellite  will  pafs  between  us 
and  another  fatellite. 

Ihe  fatellites  and  their  primaries  mutually 
eclipfe  each  other,  but  there  are  three  cafes  in 
which  the  fatellites  difappear  to  us. 

The  one  is,  when  the  fatellite  is  diredtly  be- 
hind the  body  of  it’s  primary,  with  refpedt  to  the 
^arth ; this  is  called  an  occultation  of  the  planet. 

Another  is,  w'hen  it  is  direcifly  behind  it’s 
primary,  with  refpedbto  the  Jvn,  and  fo  falls  into 
It’s  fhadow,  and  fuffers  an  eclipfe,  as  the  moonj^ 
w'hen  the  earth  is  interpofed  betw’een  that  and 
the  fun. 

The  lafl  is^  when  it  is  interpofed  between  the 
earth  and  it’s  primary;  for  then  it  cannot  be  dif- 
tinguifhed  from  the  primary  itfelf. 

It  is  not  often  that  a fatellite  can  he  difeover- 
ed  upon  the  dife  of  Jupiter,  even  by  the  beft  tele- 
fcopes,  excepting  at  it’s  firlt  entrance,  v/hen  by 
reafon  of  it’s  being  more  diredlly  illuminated  by 
the  rays  of  the  fun,  than  the  planet  itfelf,  it  ap- 
pears like  a lucid  fpot  upon  it;  fometimes  how- 
ever a fatellite  i§  feen  palTing  over  the  dife  like  a 
dark  fpot;  this  has  been  attributed  to  fpots  on  the 
furface  of  the  fatellite,  and  that  the  more  probably 
as  the  fatellite  has  been  known  to  pafs  over  the 
dife  at  one  time  as  a dark  fpot,  and  at  another 
time  to  be  fo  luminous  as  only  to  be  diflinguilhed 
from  the  planet  at  it’s  ingrefs  and  egrefs.  The 
beginnings  and  endings  of  thefc  eclipfes  are  eafily 
feen  by  a telcfcope,  w hen  the  planet  is  in  a proper 
fitiiation ; but  when  it  is  in  conjunvflion  with  the 
fun,  the  brightnefs  of  that  luminary  renders  both 
the  planet  and  the  fatellite  invifible. 

By  obferving  the  eclipfes  of  Jupiter’s  fatcl- 
lites,  it  was  difeovered  that  light  is  not  propa- 
gated 
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gated  inrtantancoiifly,  though  it  moves  with  an 
incredible  velocity  ; lo  that  light  reaches  from  the 
fun  to  us  in  the  fpace  of  eleven  minutes  of  time, 
at  more  than  the  rate  of  loo.ooo  miles  in  a fecond. 

The  orbits  of  all  the  fatellites  of  Saturn,  ex- 
cept the  fifth,  are  nearly  in  the  fame  plane,  which 
plane  makes  an  angle  with  that  of  Saturn’s  orbit* 
of  about  31°;  this  inclination  is  fo  great,  that 
they  cannot  pafs  either  acrofs  Saturn  or  behind  it* 
with  refpedt  to  the  earth,  except  when  they  are 
very  near  their  nodes,  fo  that  their  eclipfes  are 
not  near  fo  frequent  as  thofe  of  Jupiter.  An  oc- 
cultation  of  the  fourth  behind  the  body  of  Saturn 
has  been  obferved,  and  Cafiini  once  faw  a ftar  co- 
vered by  the  fourth  fatellite,  fo  that  for  13  rriinutes 
they  appeared  as  one. 

They  are  fo  minute  as  not  to  be  vifible  unlefs 
the  air  is  exceeding  clear;  Cafiini  obferved  the 
fifth  fatellite  to  diminifh  in  fize,  as  it  went 
through  the  eafiern  part  of  it’s  orbit,  until  it 
became  quite  invifible,  while  in  the  \veftern  part 
it  ihereafed  in  brightnefs,  until  it  arrived  at  it’s 
greatefi:  fplendor.  In  1705  it  w’as  vifible  in  all 
parts  of  it’s  orbit,  though  the  fame  telefcopes 
were  often  ufed  before  to  difeover  it  without  fuc- 
cefs. 

The  Gcorgium  Sidus  is  attended  by  tw^o  fatel- 
lites. 

The  following  table  Ihew^s  their  general  af- 
fcdlions. 
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Ring  of  Saturn  21,000  iMiles  broad,  and  23,000  Miles  diftant  from  his 
Body  on  all  Sides,  d hickncls  of  the  Ring  unknown. 
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Of  the  MoOn’s  Motion. 

You  have  feen  that  four  of  the  primary  planets 
are  attended  in  their  revolutions  by  fecondary 
planets;  we  are  in  like  manner  attended  by  t e 
moon,  die  enlightens  our  nights,  by  refleeling  the 
light  die  receives  from  the  dm,  as  the  other  fatel- 
lites  enlighten  the  planets  to  which  they  fcvcrally 
belong. 

If  you  imagine  the  plane  of  the  moon  s orbit 
to  be  extended  to  the  Iphere  ot  the  heaven,  it 
would  mark  therein  a great  circle,  which  may  be 
caljed  the  moon’s  apparent  orbit ; bccaufe  the 
moon  appears  to  the  inhabitants  of  the  earth  to^ 
move  in  that  circle,  through  the  twelve  figns  of 
the  zodiac,  in  a periodical  month.  Ihis  podtion 
is  illudrated  by  jig.  3<  pL  9»  E h G HI 
be  the  orbit  of  the  earth,  S the  fun,  abed  the 
orbit  of  the  moon,  when  the  earth  is  at  E : let 
A B C D be  a great  circle  in  the  fphere  of  the 
heaven,  in  the  fame  plane  with  the  moon  s orbit. 
The  moon,  by  going  round  her  orbit  according  to 
the  order  of  letters,  appears  to  an  inhabitant 
of  the  earth  to  go  round  in  the  great  circle  A 
JB  C D,  according  to  the  order  ot  thofe  letters  : 
for  when  the  moon  is  at  a,  feen  from  the  earth 
at  E,  die  appears  at  A ; when  the  moon  is  got 
to  b,  Ihe  appears  at  B;  when  to  c,  die  wdll 
appear  at  C;  \;hen  arrived  at  d,  die  will  appear  at 
D.  It  is  true,  when  the  moon  is  at  b,  the  vifual 
line  drawn  from  E,  through  the  moon,  terminates 
in  L;  as  it  does  in  M,  wlieii  the  moon  is  at  d;  but 
the  lines  L M and  D B being  parallel,  and  not 
farther  didant  from  each  other  than  the  didance 
of  the  earth’s  orbit,  arc  as  to  feiife  coincident, 
their  didance  meafured  in  the  Iphere  of  the  heaven 
being  infenfible ; for  the  fame  reafon,  though  the 
earth  moves  from  E to  F,  in  rhe  time  that  tb^ 
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moon  goes  round  her  orbit,  fo  that  at  the  end  of  ^ 
a periodical  month  the  moon  will  be  at  a and  is 
feen  from  the  earth  at  F,  in  the  line  F N ; the  moon 

^ j appear  at  A,  the  lines  F N 

and  F A being  parallel,  and  as  to  fenfe  coincident : 
in  like  manner,  in  whatever  part  of  her  orbit  the 
earth  is,  as  at  FI  or  I,  the  moon,  by  going  round 
in  her  orbit,  will  appear  to  an  inhabitant  of  the 
earth  to  go  round  in  the  great  circle  A B C D. 

i he  plane  of  the  moon’s  orbit  produced  till 
It  cuts  the  plane  of  the  ecliptic,  makes  an  angle 
with  it  of  about  5*^:  this  angle  is  fometimes  more, 
iometimes  lefs  then  The  points  where  the 

moon’s  orbit  produced  cuts  the  ecliptic,  are  called 
the  moon’s  nodes ; and  her  afeending  ^ the  dra- 
gon’s head,  her  defeending  node  ^ the  dragon’s 
tail.  Ihe  moon’s  nodes  have  a flow  motion  of  19*^ 

22'  in  a year,which  carries  them  round  the  ecliptic, 
eontiaiy  to  the  order  of  the  (igns,  in  19  years, 

I he  line  of  the  moon'* s node  is  a line  drawn 
from  one  node  to  the  other. 

dhe  extremities  of  the  line  of  the  nodes  arc 
not  always  diredled  towards  the  fame  points  of 
the  ecliptic,  but  continually  fhift  their  places 
from  eaft  to  weft,  or  contrary  to  the  order  of  the 
ligns,  performing  an  entire  revolution  about  the 
earth,  in  the  fjpace  of  fomething  lefs  than  nine- 
teen years. 

The  moon  appears  in  the  ecliptic  only  w’hcn 
Fie  is  in  one  of  her  nodes : in  all  other  parts  of  her 
orbit  fhe  is  either  in  north  or  fouth  latitude,  fome- 
times nearer  to,  fometimes  further  removed  from 
the  ecliptic,  according  as  fhe  happens  to  be  more 
or  lefs  dillant  from  the  nodes. 

W hen  the  place,  in  which  the  moon  appears 
-to  an  inhabitant  of  the  earth,  is  the  fame  with  the 
Jun’s  place.  Fie  is  laid  to  be  in  conjundiion.  When 
tile  moon’s  place  is  oppofite  to  the  fun’s  place.  Fie 

is 
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is  faid  to  be  in  oppnfiiion.  When  flie  is  a quarter 
of  a circle  didant  from  the  fun,  flie  is  faid  to  be 
in  quadrature.  Both  the  conjunction  and  oppofi- 
tion  of  the  moon  arc  termed  fyzigies. 

The  common  lunar  month,  or  the  time  that 
pafles  between  any  new  moon  and  the  next  that 
follows  it,  is  called  a fynodical  mouthy  or  a lunation. 
This  month  contains,  29  days,  12  hours,  44.  mi- 
nutes, 3 feconds. 

The  moon’s  motion  in  her  orbit  is  confidered 
abfolutely,  or  with  relation  to  the  fun.  The  moon’s 
motion  in  her  orbit,  which  is  alfo  her  motion  in  lon- 
gitude, is  fometimes  fwifter,  fometimes  flower;  her 
mean  motion  is  13  degrees,  10  minutes,  35  feconds, 
in  a day,  which  carries  her  round  the  zodiac  in  27 
days,  7 hours,  43  minutes.  The  time  wdierein  the 
moon  is  carried  round  the  zodiac  is  called  a perio-^ 
dical  month;  or  a periodic  month  is  the  time  in 
which  the  moon  performs  one  entire  revolution 
about  the  earth,  from  any  point  in  the  zodiac  to 
the  fame  again;  and  contains  27  days,  7 hours, 
43  minutes. 

The  moon’s  motion  confidered  w'ith  relation 
to  the  fun  is  called  her  elongation  from  the  fun. 
I'he  m.oon’s  motion  from  the  lun  is  the  excefs  of  the 
velocity  of  the  moon’s  motion,  above  the  velocity  of 
the  fun’s  apparent  motion;  in  the  ecliptic,  this  ex- 
cefs  is  fometimes  more,  fometimes  lefs.  I hc  moon’s 
mean  motion  from  the  fun  is  12  degrees,  ii  minutes, 
26  feconds,  in  a day,  which  carries  the  moon  from 
one  conjundion  with  the  fun  to  another  in  29  days, 
12  hours,  44  minutes,  3 feconds.  The  time  be- 
tween any  conjundion  and  the  conjunction  immedi- 
ately following,  as  before  obferved,  is  called  a 
fynodical  month y or  a lunation y wherein  the  moon 
appears  in  all  her  phafes. 

It  the  earth  had  no  revolution  round  the  fun, 
or  the  lun  no  apparent  motion  in  the  ecliptic, 

the 
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the  periodical  and  fynodical  month  would  be  the 
fame;  but  as  this  is  not  the  cafe,  the  moon  takes 
up  a longer  time  to  pafs  from  one  conjundtion 
to  the  next,  than  to  deferibe  it’s  whole  orbit ; or 
the  time  between  one  new  moon  and  the  next,  is 
longer  than  the  moon’s  periodical  time. 

The  moon  gping  round  our  earth  in  an  orbit 
whofe  femidiameter  is  lefs  than  the  nearefl:  diflance 
of  any  planet,  may  come  between  our  eye  and  any 
planet  or  ftar  that  is  near  the  ecliptic.  The  time 
when  the  moon  appears  to  touch  a planet  or  ftar, 
is  called  iV s appiiije,  which  being  inftantaneous, 
ferves  to  determine  the  longitude  of  different  places- 
where  it  is  obferved. 

The  moon  revolves  round  the  earth  from 
to  caft,  and  the  fun  apparently  revolves  round  the 
earth  the  fame  way.  Now  at  the  new  moon,  or 
when  the  fun  and  moon  are  in  conjundion,  they 
both  fet  out  from  the  fame  place,  to  move  the 
fame  way  round  the  earth;  but  the  moon  moves 
much  fafter  than  the  fun,  and  confcqiiently  will 
overtake  it ; and  when  the  moon  does  overtake 
it,  it  will  be  a new  moon  again.  If  the  fun  had 
no  apparent  motion  in  the  ecliptic,  the  moon 
would  come  up  to  it,  or  be  in  conjundion  again, 
after  it  had  gone  once  round  in  it’s  orbit;  but 
.as  the  fun  moves  forward  in  the  ecliptic,  whilff 
the  moon  is  going  round,  the  moon  mull  move  a 
little  more  tljan  once  round,  before  it  comes  even 
with  the  fun,  or  before  it  comes  to  conjundion. 
Hence  it  is  that  the  time  between  one  conjundion,, 
and  the  next  in  fuccdfion,  is  fomething  more  than 
the  time  the  moon  takes  up  to  go  once  round  it’s 
orbit;  or  a fynodical  month  is  longer  than  a perio- 
dical one. 

In  Jig.  3,  pL  8,  let  S be  the  fun,  C F a part 
pf  the  earth’s  orbit,  M D a diameter  of  the  moon’S' 
grbit  when  the  earth  is  at  A,  and  m d another 
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diameter  parallel  to  the  former,  when  the  earth  is 
at  B.  Whilft  the  earth  is  at  A,  if  the  moon  be  at 
Dj  file  will  be  in  conjund:ion;  and  if  the  earth 
was  to  continue  at  A,  when  the  moon  had  gone 
once  round  it’s  orbit,  from  D through  M,  fo  as  to 
fetiirh  to  D again,  it  would  again  be  in  conjunc- 
tion. Therefore,  upon  the  fuppofition  that  the 
earth  has  no  motion  in  it’s  orbit,  the  periodical 
and  fynodical  months  would  beequal  to  one  another. 
But  as  the  earth  does  not  continue  at  A,  it  will 
move  forwards  in  it’s  orbit,  during  the  revolution 
of  the  moon  from  A to  B : and  as  the  moon’s  orbit 
moves  with  it,  the  diameter  MD  will  then  be  in 
the  pofition  md;  therefore,  when  the  moon  has 
deferibed  it’s  orbit,  it  will  be  at  d in  this  diameter 
md  ; but  if  the  moon  is  at  d,  and  the  fun  at  S,  the 
moon  will  not  be  in  conjundlion,  confequently  the 
periodical  month  is  completed  before  the  fynodical. 
The  moon,  in  order  to  come  to  conjuneflion,  when 
the  earth  is  at  B,  mufl;  be  at  e,  in  the  diameter  e f ; 
or  befides  going  once  round  in  it’s  orbit,  it  mufh 
alfo  deferibe  the  arc  de.  The  fynodical  month  is, 
therefore,  longer  than  the  periodical,  by  the  time 
the  moon  takes  up  to  deferibe  the  arc  d c. 

This  may  be  alfo  explained  in  another  man- 
ner, by  confidering  the  motion  of  the  fun;  a view 
of  the  fubjc(ff,  that  may  render  it  more  eafy  to 
fome  young  minds  than  the  foregoing.  Thus  let 
us  fuppofe  the  earth  at  reft  at  E,  fig,  4,  pf,  8,  M the 
moon  in  conjundion  with  the  fun  at  S,  while  the 
moon  deferibes  her  orbit  ABC  about  the  earth  at 
E,  let  the  fun  advance  by  his  apparent  annual  mo- 
tion from  S to  D.  It  is  plain  that  the  moon  will 
not  come  in  conjundion  with  the  fun  again,  till, 
befides  deferibing  her  orbit,  fhe  hath  d^fedbed] 
over  and  above,  the  arch  MF,  correfponding  to  the 
arch  S D. 

As  the  moon  goes  round  the  cajrth  in  a much 
1 fmaller 
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fmaller  orbit  than  that  in  which  the  earth  revolves 
round  the  fun,  fometimes  more,  fometimes  lefs, 
and  fometimes  no  part  of  her  enlightened  half  will 
be 'towards  us  ; hence  fhc  is  incefiantly  varying 
her  appearance  ; fometimes  Ihe  looks  full  upon  us, 
and  her  vihige  is  all  luhre,  fometimes  fhe  fliews 
only  half  her  enlightened  face,  foon  fhe  appears  as 
a radiant  crefeent,  in  a little  time  all  her  brightnefs 
vanifiies,  and  fhe  becomes  a beamlefsorb. 

The  full  moon,  or  oppofition,  is  that  ffate  in 
which  her  whole  dife  is  enlightened,  and  we  fee  it 
all  bright,  and  of  a circular  figure.  The  new  moon 
is  when  fite  is  in  conjundion  with  the  fun;  in  this 
ftate,  the  whole  furface  turned  towards  us  is  dark, 
and  Ihe  is  therefore  invifible  to  us. 

The  firfi:  quarter  of  the  moon  flie  appears  in 
the  form  of  a femicircle,  whofe  circumference  is 
turned  towards  the  wefi".  At  the  lafi;  quarter,  flie 
appears  again  under  the  form  of  a femicircle, 
but  with  the  circumference  turned  towards  the 
eaff. 

The  moon  is  generally  invifible  a day  or  two 
before  and  after  conjundion,  and  the  obfeure 
light  vifible  in  the  moon  a little  before  and  after 
conjundion  is  refleded  upon  her  from  the  earth. 

Thefe  phafes  may  be  illufirated  in  a very  plea- 
ling  manner,  by  expofing  an  ivory  ball  to  the  fun, 
in  a variety  of  pofitions,  by  which  it  may  prefent 
a greater  or  fmaller  part  of  it’s  illuminated  furface 
to  the  obferver.  If  it  be  held  nearly  in  oppofition, 
fo  that  the  eye  of  the  obferver  may  be  almofl: 
immediately  between  it  and  the  fun,  the  greateft 
part  of  the  enlightened  fide  will  be  feen  ; but  if  it 
be  moved  in  a circular  orbit,  towards  the  fun,  the 
vifible  enlightened  part  will  gradually  decrcafe, 
and  at  lafi:  difappear,  when  the  ball  is  held  diredly 
towards  the  fun.  Or  to  apply  the  experiment  more 
immcdiatdy  to  our  purpofc  ; if  the  ball,  at  any 

time 
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time  when  the  fun  and  moon  are  both  vifible,  be 
held  dire6lly  between  the  eye  of  the  obferver  and 
the  moon,  that  part  of  the  ball  on  which  the  fun 
lliines,  will  appear  exadtly  of  the  fame  figure  as  the 

moon  itfelf.  , t r r tt 

The  phafes  of  the  moon,  like  thofe  of  Venus, 

may  alfo  be  illufi-rated  by  a diagram  ; thus  in^^;^'.  i, 
pL  9,  let  S be  the  fun,  T the  earth,  ABCDEF 
G H^the  orbit  of  the  moon.  The  firfi:  obfervatioii 
to  be  deduced  from  this  figure,  is,  that  the  half  of 
the  earth  and  moon  which  is  towards  the  fun,  is 
wholly  enlightened  by  it ; and  the  other  half,  w hich 
is  turned  from  it,  is  totally  dark.  When  the  moon 
is  in  conjun6fion  with  the  fun  at  A,  her  enlightened 
hemifpherc  is  turned  towards  the  fun,  and  the  dark 
one  towards  the  earth  ; in  which  cafe,  we  cannot 
' fee  her,  and  it  is  faid  to  be  new  moon.  When 
the  moon  has  moved  from  A to  B,  a fmall  por- 
tion ab  of  her  enlightened  hemifphere  will  be 
turned  towards  the  earth  ; which  portion  will  ap- 
pear of  the  form  reprefented  at  B,  jig,  2,  pi.  9,  (a 
figure  which  exhibits  the  phafes  as  they  appear 

to  us), 

As  the  moon  proceeds  in  her  orbit,  according 
to  the  order  of  the  letters,  more  and  more  of  her 
enlightened  part  is  turned  towards  the  earth.  When 
fine  arrives  at  C,  in  w hich  pofition  fire  is  faid  to  be  in 
quadrature,  one  half  of  that  part  tow^ards  the  earth  is 
enlightened,  appearing  as  at  C among  the  phafes  ; 
this  appearance  is  called  a half  moon.  When  fbe  . 
comes  to  D,  the  greatefi:  part  of  that  half  which  is 
towards  us  is  enlightened  ; the  moon  is  then  faid 
to  be  gibbous,  and  of  that  figure  which  is  feen  at 
P,  in  fig.  2. 

When  the  moon  comes  to  F,  fhe  is  in  oppoii- 
tion  to  the  fun,  and  confequently  turns  all  her^  il- 
luminated furface  towards  the  earth,  and  Ihines 
with  a full  face,  for  which  reafon  flie  is  called  a 

full 
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full  moon.  As  {lie  paiTes  through  the  other  half  of 
her  orbit,  from  Eby  FG,  and  H to  A again  (lie 

puts  on  the  fame  phafes  as  before,  but  in  a ?ontrarv 
order  or  pofition.  ’ 

...  moon,  by  refleiftcd  light  from  the  fun 

illuminates  the  earth,  fo  the  earth  does  more  than 
repay  her  kindnefs,  in  enlightening  the  furface  of 
the  moon,  by  the  fun’s  reflex  light,  which  flie  dif- 
tufes  more  abundantly  upon  the  moon,  than  the 
moon  does  upon  us ; for  the  furface  of  the  earth 
IS  confiderably  greater  than  that  of  the  moon 
and  confequently  if  both  bodies  refled  light  in 
proportion  to  their  fize,  the  earth  will  refleft 

much  more  light  upon  the  moon  than  it  receives 
from  it. 

In  the  new  moon,  the  illuminated  fide  of  the 
earth  is  fully  turned  towards  the  moon,  and  the 
J^unarians  v»’ill  have  a full  earth,  as  we,  in  a limilar 
]3ofition,  ha"ve  a full  moon.  And  trom  thence 
arifes  that  dim  light  which  is  obferved  in  the  old 
and  new  moons,  whereby,  befidcs  the  bright  and 
Ihining  horns,  we  can  perceive  the  reft  of  her  body 
behind  them,  though  but  dark  andobfcurc.  Now 
when  the  moon  comes  to  be  in  oppofition  to  the 
fun,  the  earth,  feen  from  the  moon,  will  appear  in 
conjunaion  with  him,  and  it^s  dark  fide  will  be 
turned  towards  the  moon,  in  which  pofition  the 
earth  will  be  invifibic  to  the  Lunarians  ; after  this, 
the  earth  will  appear  to  them  as  a crefeent.  In  a 
word,  the  earth  exhibits  the  fame  a[)pearancc  to 
the  inhabitants  of  the  moon,  that  the  moon  does 
to  us. 

I The  moon  turns  about  it’s  own  axis  in  the 
fame  time  that  it  moves  round  the  earth  ; it  is  on 
this  account  that  fhe  always  prefents  nearly  the 
fame  face  tons:  for  by  this  motion  round  hcraxis^ 
fie  turns  juft  fo  much  of  her  furface  conftantly  to^ 
■^.vards  US;  as  by  her  motion  about  the  earth  would 

be 
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;be -turned  from  us.  This  motion  about  her  axis  is 
equable  and  uniform,  but  that  about  the  earth  is 
unequal  and  irregular,  as  being  performed  in  aix 
.ellipfis ; confequently  the  fame  precife  part  of  the 
moon’s  furface  can  never  be  Ibewn  conftantly  to 
the  earth ; which  is  conrirmed  by  a tclefcope,  by 
which  we  often  obferve  a little  fegrnent  on  the 
.eaflern  and  weftern  limb,  appear  and  difappear  by 
turns,  as  if  her  body  librated  to  and  fro  ; this  phe- 
nomenon is  called  the  moon’s  libration.  The 
lunar  motions  are  fubjedl  to  feveral  other  irregula- 
rities, which  are  fully  difeuffed  in  the  larger  works 
^n  aflronomy. 
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LECTURE  XL. 


Of  Eclipses. 


■^'PHOSE  phenomena  that  arc  termed  eclipfes, 
-L  were  in  former  ages  beheld  with  terror  and 
amazement,  and  looked  upon  as  prodigies  that 
portended  calamity  and  miferyto  mankind.  Thefe 
fears,  and  the  erroneous  opinions  which  produced 
them,  had  their  fource  in  the  hieroglyphical  lan- 
guage of  the  firfl  inhabitants  of  the  earth.  We  do 
not,  however,  imagine  that  even  the  mofl:  ancient 
of  thefe  knew  any  more  of  the  laws  and  motions 
of  the  heavenly  bodies,  than  what  could  be  dif- 
covered  from  immediate  light ; or  that  they  knew 
enough  of  the  lunar  fyftem  to  calculate  an  eclipfe, 
or  even  that  they  ever  attempted  it. 

The  w^ord  eclipfe  is  derived  from  the  Greek, 
and  lignilies  dereliction,  a fainting  away,  or  fwoon- 
ing.  Now  as  the  moon  falls  into  the  diadow  of 
the  earth,  and  is  deprived  of  the  fun's  enlivening 
rays,  at  the  time  of  her  greatelf"  brightnefs,  and 
even  appears  pale  and  languid  before  her  obfeura- 
tion,  lunar  eclipfes  were  called  lun^e  I above  the 
ilruggles  or  labours  of  the  moon ; to  relieve  her 
IVoin  thefe  imagined  diftrelTcs,  fuperdition  adopted 
methods  as  impotent  as  they  were  abfiird. 

When  the  moon,  by  paffing  between  us  and 
the  fun,  deprived  the  earth  of  it’s  light  and  heat, 
the  fun  was  thought  to  turn  away  his  face,  as  if 
in  abhorrence  of  the  crimes  of  mankind,  and  to 
threaten  everlafting  night  and  dcilruclion  to  the 
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world.  But  thanks  to  the  advancement  of  fcience, 
which,  w'hile  it  has  delivered  us  from  the  foolilh 
fears  and  idle  apprehenlions  of  the  ancients,  leaves 
us  in  pofTenion  of  their  reprefentative  knowledge, 
enables  us  to  explain  the  appearances  on  which  it 
was  founded,  and  points  out  the  perverlion  and 
abufe  of  it. 

Any  opake  body  that  is  expofed  to  the  light  of 
the  fun,  will  call  a ftadow  behind  it.  This  fhadow 
is  a fpace  deprived  of  light,  into  which  if  another 
body  comes,  it  cannot  be  feen  for  want  of  light ; 
the  body  thus  falling  within  the  fliadow,  is  faid  to 
be  eel i p/e d. 

The  earth  and  moon  being  opake  bodies,  and 
deriving  their  light  from  the  fun,  do  each  of  them 
call  a lhadow  behind,  'or  towards  the  hemifphere 
oppofed  to  the  fun.  Now'  when  either  the  moon 
or  the  earth  pafles  through  the  other  lhadow,  it  is 
thereby  deprived  of  illumination  from  the  fun,  and 
becomes  invifible  to  a fped;ator  on  the  body  from 
whence  the  lhadow  comes;  and  fuch  fpedlator  will 
obferve  an  eclipfe  of  the  body  which  is  palTing 
through  the  lhadow';  while  a fpedlator  on  the 
body  which  palTes  through  the  lhadow,  wdll  ob- 
ferve an  eclipfe  of  the  fun,  being  deprived  of  his 
light. 

Hence  there  mult  be  three  bodies  concerned 
in  an  eclipfe  ; i.  the  luminous  body;  2.  the  opake 
body,  that  calls  the  fliadow  ; and  3.  the  body  in- 
volved in  the  lhadow. 

Of  Eclipses  of  the  Moon. 

As  the  earth  is  an  opake  body,  enlightened  bv 
the  fun,  it  will  call  a fhadow  towards  thofe  parts 
that  are  oppolite  to  the  fun,  and  the  axis  ot  this 
lhadow  w'ill  always  be  in  the  plane  of  the  ecliptic 
becaufe  both  the  fun  and  the  earth  are  alwavs  there 
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, The  fun  and  the  earth  are  both  fpherical  bo- 
,dics;  if  they  were,  therefore,  of,  an  equal  fize,  the 
.{hadow  of  the  earth  would  be  cylindrical,  as  in  fig. 
.5,  pi.  8,  and  would  continue  of  the  fame  breadth  at 
ail  didances  from  the  earth,  and  would  confe- 
quently  extend  to  an  infinite  diftance,  fo  that  Mars, 

, Jupiter,  or  Saturn,  might  be  eclipfed  by  it  ; but 
"as  thefe  planets  are  never  eclipfed  by  the  earth, 
'This  is  not  the  fliapeof  the  fhadow,  and  confequent- 
ly  the  earth  is  not  equal  in  fizeto  the  fun. 

If  the  fun  were  lefs  than  the  earth,  thefliadow' 
would  be  wider,  the  farther  it  was  from  the  earth, 
fee  fig.  6,  pi.  8,  and  would  therefore  reach  to  the 
orbits  of  Jupiter  and  Saturn,  and  eclipfe  any  of 
thefe  planets  when  the  earth  came  between  the 
fun  and  them  ; but  the  earth  never  eclipfes  them, 
therefore  this  is  not  the  fliape  of  it’s  fhadow, 
and  confequently  the  fun  is  not  lefs  than  the  earth. 

x*-\s  we  have  proved  that  the  earth  is  neither 
larger  nor  equal  to  the  fun,  we  may  fairly  conclude 
. that  it  is  lefs ; and  that  the  fliadow  of  the  earth  is 
a cone,  which  ends  in  a point  at  fome  diftance  from 
the  earth,  fee  jig.  7,  pi.  8. 

The  axis  of  the  earth’s  ftiadow'  falls  always 
upon  that  paint  of  the  ecliptic  that  is  oppofite  to 
the  fun’s  geocentric  place  ; thus  if  the  fun  be  in  the 
firft  point  of  Aries,  the  axis  of  the  earth’s  iha- 
dow  will  terminate  in  the  firft  point  of  Libra.  It 
is  clear,  therefore,  that  there  can  he  no  eclipfe  of 
the  moon  hut  zvhc/i  the  earth  is  interpofed  between 
it  and  the  fun y that  is,  at  the  time  of  iV s oppofition^ 
or  ejoken  it  is  full ; for  tinlefs  it  is  oppofite  to  the 
fun,  it  can  never  be  in  the  earth’s  fliadow^  : and -if 
the  moon  did  always  move  in  the  plane  of  the 
ecliptic,  fne  w’oiild  every  full  moon  pafs  through 
the  body  of  the  fliadow,  and  there  would  be  a total 
eclipfe  of  the  moon. 

We  have  already  obferved,  that  the  moon’s 
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orbit  is  inclined  to  the  plane  of  the  ecliptic,  and 
only  coincides  with  it  in  two  places,  which  are 
termed  the  nodes.  It  may,  therefore,  be  full 
moon  * without  her  being  in  the  plane  of  the 
ecliptic  ; llie  may  be  cither  on  the  north  or  the 
fouth  lide  of  it;  in  either  of  thefe  cafes,  fhe  will 
not  enter  into  the  Ibadow,  but  be  above  it  in  the 
one,  below  it  in  the  other. 

To  illuilrate  this,  let  H Gj  fig,  i,pJ.  10,  repre- 
fcnt  the  orbit  of  the  moon,  H F the  plane  of  the 
ecliptic,  in  w hich  the  center  of  the  earth’s  (liadow 
always  moves,  and  N the  node  of  the  moon’s  orbit; 
A B C D four  places,  of  the  fhadow  of  the  earth  in 
the  ecliptic.  When  the  fhadow  is  at  A,  and  the 
moon  at  I,  there  will  be  no  eclipfe;  when  the  full 
moon  is  nearer  the  node,  as  at  K,  only  part  of  her 
globe  paiTes  through  the  fliadow,  and  that  part  be- 
coming dark,  it  is  called  a partial  eclipfe  ; and  it  is 
faid  to  be  ot  fo  many  digits  as  there  are  twelve 
parts  of  the  moon’s  diameter  darkened-  When 
the  full  moon  is  at  M,  Hie  enters  into  the  Fiadow 
C,  and  palling  through  it  becomes  wholly  darken- 
ed at  L,  and  leaves  the  fliadow'  at  O ; as  the  whole 
body  ot  the  moon  is  here  immerfed  in  the  {liadc^ 
this  is  called  a total  eclipfe.  But  v,  hen  the  moon’s 
center  palTes  through  that  of  the  fhadow,  which  can 
only  happen  when  flic  is  in  the  node  at  N,  it  is  cal- 
led a total  and  central  eclipfe.  There  will-  always 
be  fuch  eclipfcs,  when  the  center  of  the  moon,  and 
axis  of  the  fhadow,  meet  in  the  nodes. 

^ The 

' * A planet  maybe  in  oppofitlon  to,  o'f  conjunaion  with  the 
fun,  without  being  in  a right  line  that  paffes  through  the  fun  and 
the  earth.  _ Aftronomers  term  it  in  conjandion  wuh  the  fun,  if 
Jt  be  in  the  fame  part  of  the  zodiac;  in  oppofiiion,  if  it  be  in  a 
part  of  the  zodiac,  180  degrees  from  the  lun. 
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The  duration  of  a central  eclipfe  is  fo  long,  as 
to  let  the  moon  go  the  length  of  thVee  of  it’s  dia- 
meters totally  eclipfed,  which  flay  in  the  earth’s 
lhadow  is  computed  to  be  about  four  hourS;  where- 
of the  moon  takes  one  hour  from  it’s  beginning  to 
enter  the  lhadow,  till  quite  immeiTed  therein;  two 
hours  more  Ibe  continues  totally  dark  ; and  the 
fourth  hour  is  taken  up  from  her  firfl  beginning  to 
come  out  of  the  fliadow,  till  fhc  is  quite  out  of  it. 

From  the  magnitude  of  the  fun,  the  fize  of  the 
earth,  their  diifance  from  each  other,  the  refrac- 
tion of  the  atmofnhere,  and  the  dillance  of  the 
moon  from  the  earth,  it  has  been  calculated,  that 
the  fnadow  of  the  eirth  terminates  in  a point, 
which  docs  not  reach  fo  far  as  the  moon’s  orbit, 
I'he  moon  is  nor,  therefore,  eclipfed  by  the  fliadow 
of  the  earth  alone.  The  atmofphere,  by  refracd:ing 
fome  of  the  rays  of  the  fun,  and  reflecting  others, 
calls  a fliadow,  though  not  fo  dark  a one  as  that 
which  arifes  from  an  opake  body ; when,  therefore, 
we  fay  that  the  moon  is  eclipfed,  by  palTing  into 
the  fliadow  of  the  earth,  it  is  to  be  underftood  of 
the  fliadow  of  the  earth,  together  with  it’s  atmo- 
fphere. Hence  it  is  that  the  moon  is  viflble  in 
eclipfes,  the  fliadow  call  by  the  atmofphere  not  be- 
in  ^ fo  dark  as  that  call  by  the  earth.  The  cone  of 
this  fliadow  is  larger  than  the  cone  of  the  earth’s 
fliadow,  the  bafe  thereof  broader,  the  axis  longer. 
There  have  been  eclipfes  of  the  moon,  in  wdiich  the 
moon  has  entirely  dihippeared:  Hevelius  mentions 
one  of  this  kind,  which  liappened  in  Auguft  1647, 
when  he  was  not  able  to  diflinguifli  tlte  place  of 
the  moon,  even  with  a good  tclcicopc,  although 
the  fky  was  fufricientiy  clear  for  him  to  fee  the  ftar» 
of  the  fifth  magnitude. 

All  opake  bodies,  when  illuminated  by  the  rays 
of  the  fun,  call  a fliadow  from  them,  which  is  en- 
compalfed  by  a penumbra y or  thinner  lhadow,  which 

every 
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where  furrounds  the  former,  growing  larger  and 
larger  as  we  recede  from  the  body  ; in  other 
words,  the  penumbra  is  all  that  fpace  furrounding 
the  fhadow,  into  which  the  rays  of  light  can  only 
come  from  fome  part  of  that  hal  t of  the  globe  of  the 
fun,  which  is  turned  towards  the  planet,  all  the  reft 
being  intercepted  by  the  intervening  body. 

Let  S,  fig.  2,  pL  10,  be  the  fun,  E the  pla- 
net, then  the  penumbral  cone  isFGH.  The 
nearer  any  part  of  the  penumbra  is  to  the  thadow, 
the  lefs  light  it  receives  from  the  fun;  but  the  fur- 
ther it  is,  the  more  it  is  enlightened  ; thus  the  parts 
of  the  penumbra  near  M are  illuminated  by  thofe 
rays  of  light,  which  come  from  that  part  of  the  fun 
near  to  I,  all  the  reft  being  intercepted  by  the  pla- 
net E;  in  like  manner,  the  parts  about  N can  only 
receive  the  light  that  comes  from  the  part  of  the 
fun  near  to  L,  whereas  the  parts  of  the  penumbra 
at  P and  Q are  enlightened  in  a much  greater  de- 
gree: for  the  planet  intercepts  from  P onlv  thofe 
rays  which  come  from  the  fun  near  L,  and  hid^s 
from  Q only  a fmall  part  of  the  fun  near  L 

The  moon  palfes  through  the  penumbra  before 
fhe  enters  into  the  lhadow  of  the  atmofphere  ; this 
caufes  her  gradually  to  lofe  her  light,  which  is  not 
fenfible  at  firft,  but  as  ftie  goes  into  the  darker  part 
of  the  penumbra,  Ihe  grows  paler  ; the  penumbra, 
where  it  is  contiguous  to  the  ftiadow,  is  fo  dark, 
that  it  is  difticult  to  diftinguilh  one  from  the 
other.  If  the  atmofphere  be  ferenc,  every  cclipfe 
of  the  moon  is  viftbic  at  the  fame  inftant  to  all  the 
inhabitants  of  that  fide  of  the  earth  to  which  fhe  is 
oppofitc. 

If  we  imagine  a plane  parallel  to  the  bafe  of 
the  earth’s  conical  ftiadow  to  pals  through  the 
lhadow  at  the  diftance  ot  the  moon’s  center  from 
the  earth,  there  will  be  projedfed  upon  the  plane, 
.the  circle  of  the  earth’s  lhadow,  furrounded  with 
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the  circle  of  the  penumbra  : the  center  of  thofe  cir- 
cles is  al\vay-s  in  the  plane  of  the  ecliptic.  The 
circle  of  the  eaith  s Ifiadow,  when  the  earth  is  at  the 
fame  diifance  from  the  fun,  is  greater,  the  nearer 
the  moon  is  to  the  earth.  The  circle  of  the  earth’s 
ih.adovv  is  greater,  when  the  moon  is  at  the  fame 
diflance  from  the  earth,  the  further  the  earth  is 
fjoni  the  fun.  Ine  apparent  fernidiameter  of  the 
nioon  in  her  fyzygies  is  about  i minutes:  the 
fcmidiamcter  of  the  circle  of  the  earth’s  fliadow, 

is  about  three  times  as  great  as  the  feniidiameter  of 
the  moon. 

If  the  moon  in  oppofition  be  in  the  node,  the 
cclipfe  of  the  moon  utU  be  total  and  central:  if 
very  near  the  node,  total,  but  not  central : if  fo  far 
from  the  node  that  only  part  falls  into  the  fliadow, 
the  eclipfe  is  partial:  if  fo  far  from  the  node,  that 
the  difrance  of  her  center  from  the  center  of  the 
circle  of  the  earth’s  fliadovv  is  greater  than  the 
fernidiameter  of  the  lliadow  added  to  the  femidi- 
ameter  of  the  moon,  fhe  will  not  be  eclipfed  at 
all.  Ihe  moon  paffes  through  the  penumbra  be- 
fore Ihe  falls  into  the  fhadow this  makes  her 
gradualiy  lofe  her  liglit,  and  grow  paler,  a little 
before  fhe  begins  to  be  eclipfctl. 

Ihe  moon  is  fometimes  in  the  middle  of  a 
total  ec  lipfc  invifible  in  fonie  places,  and  not  in 
others,  bccaufe  of  the  different  ccnffitution  of  the 
air;  but  generally  fne  appears  of  a dufky  red  co- 
lour, efpccially  towards  the  edges,  being  more 
dark  about  th.e  middle  of  the  fhadow  : this  reddifli 
colour  is  owing  to  the  rays  of  the  fun,  or  to  the 
light  of  the  fun’s  atmofphere  refrabfed  through  the 
earth’s  atmofphere,  or  to  the  light  of  the  flars  and 
planets,  moft  probably  to  the  firit  of  thefe. 

The  fun  or  moon  feen  from  the  earth,  or  the 
earth  Icen  from  the  fun  or  moon,  though  fphericai, 
pn  accouiit  of  their  djffance  appear  like  circular 
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planes:  thcfe  circular  planes  arc  called  the  difics 
of  the  fun^  earth,  or  moon.  The  apparent  diameter 
of  the  dills,  of  the  fun  or  moon  is  by  aftronomers 
divided  into  i 2 equal  parts,  which  arc  tailed  di- 
gits ; each  digit  into  60  parts,  which  are  called 
minutes  ; as  many  of  thcfe  digits  and  minutes 
as  are  covered  by  the  (hadow  in  the  middle  of  a 
partial  lunar  eclipfe,  fo  many  digits  and  minutes 
of  the  • moon  are  faid  to  be  eclipfed.  In  a total 
eclipfe  of  the  moon  without  continuance,  the  moon 
is  eclipfed  12  digits:  in  a total  eclipfe  with  con- 
tinuance, die  is  eclipfed  more  than  12;  thus,  if  her 
whole  dilk  is  immerfed  fo  deep  within  the  fliadow, 
that  if  her  diameter  contained  15  fuch  parts  as  now 
it  contains  12  of,  the  whole  15  would  be  eclipfed, 
the  moon  is  then  eclipfed  15  digits.  Sometimes 
the  apparent  diameter  of  the  moon  is  obferved 
near  the  time  oi  the  eclipfe,’ and  the  greatnefs  of 
the  eclipfe  exprdfed  in  minutes  of  degrees  and  fe- 
conds. 

The  motion  of  the  moon  in  her  orbit  being 
eafvward,  the  beginning  of  a lunar  eclipfe  is  when 
the  eafiern  limb  or  edge  of  the  moon’s  dilk  touches 
the  weflern  limb  of  the  fhadow:  the  end  of  a lu- 
nar eclipfe  when  the  wedern  limb  of  the  moon’s 
dilk  leaves  the  eadern  limb  of  the  fiiadow  : in  a 
total  eclipfe,  the  time  the  whole  dilk  ’is  in  the 
diadov  is  called  the  day,  or  time  of  total  im- 
mcrfion. 

The  beginning  or  end  of  a lunar  eclipfe,  be- 
ing indantancous,  ferves  to  difcover  the  longitude, 
but  not  accurately  without  a telcfcoj>e;  for  by 
reafon  of  the  penumbra,  the  beginning  appeirs 
too  foon,  the  end  too  late  to  the"nake;.r  eye,'  and 
not  at  the  fame  time  to  all  eyes:  for  this  reafon 
the  longitudes  of  places  and  the  places  of  the  moon 
determined  by  eclipfes,  before  the  invention  of 
telefcopcs,  cannot  be  depended  upon.  The  mo- 
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derns,  that  they  may  have  a greater  number  of 
opportunities  of  determining  the  longitude  than 
the  beginnings  and  endings  of  eclipfes  would  af- 
ford, do  it  by  obferving  the  immerfions  of  the 
molt  remarkable  fpots  ot  the  moon  into  the 
lhadow,  or  by  their  emerging  out  of  it. 

The  quantity  of  a lunar  eclipfe  depends,  ifl, 
upon  the  largenefs  of  the  circle  of  the  earth’s 
fhadow,  whofe  diameter  may  be  different:  idly^  - 
upon  the  apparent  diameter  of  the  moon,  which 
may  be  different : <^<^terts  paribtiSy  upon  the 

diftance  of  the  moon  from  her  node,  at  the  mo- 
ment of  her  being  at  the  full. 

^he  duration  of  a lunar  eclipfe  depends  partly 
upon  it’s  quantity,  partly  upon  the  velocity  of 
the  moon’s  motion  crofs  the  lliadow,  which  is  the 
fame  as  her  motion  from  the  fun.  The  moon’s 
motion  from  the  fun  is  fwiftefl:  when  ffe  is  in 
her  perigeCy  and  the  duration  of  a central  eclipfe 
will  then  be  fnorted,  though  the  moon’s  diameter 
and  the  diameter  of  the  circle  of  the  earth’s  fhadow 
be  then  greateft;  becaufe  the  excefs  of  the  moon’s 
way  through  the  lliadow,  is  more  than  compenfa- 
ted  by  the  greater  velocity  of  'the  moon’s  mo- 
tion. The  iongdl  duration  of  a central  lunar 
eclipfe,  f.  e,  when  the  earth  is  in  aphelioHy  and  the 
moon  in  apogeey  is  about  3 hours,  57  minutes,  6» 

• feconds.  The  fhorteft  duration  of  a central  lunar 
^cliple,  i.  e,  when  the  earth  is  in  periheliony  and  the 
moon/;;  perigeey  is  3 hours,  37  minutes,  26  feconds. 

pF  Eclipses  of  the  Sun. 

The  moon,  when  in  conjundion,  if  near  one 
,pf  her  nodes,  will  be  interpofed  between  us  and 
the  fun,  and  will  confequently  hide  the  fun,  or  a 
.part  of  him,  from  us,  and  call  a fhadow  upon  the 

earth : 


Astronomy. 


I2I 


earth : this  is  called  an  eclipfe  of  the  fun  ; it  may 
be  either  partial  or  total. 

An  eclipfe  of  any  lucid  body,  is  a deficiency 
or  diminution  of  light,  which  would  otherwife 
come  from  it  to  our  eye,  and  is  caufed  by  the  in^ 
terpofition  of  fome  opake  body. 

The  eciipfcs  of  the  fun  and  moon,  though 
exprefied  by  the  fame  word,  are  in  nature  very 
different;  the  fun,  in  reality y Jojes  nothing  of  iVs 
tiative  lujire  in  the  great  eft  eclipfeSy  but  is  all  the 
while  incelTantly  fending  forth  ffreams  of  light 
every  w'ay  round  him,  as  copiouffy  as  before. 
Some  of  thefe  ffreams  are,  however,  intercepted 
wi  their  way  tow^ards  our  earth,  by  the  moon 
coming  between  the  earth  and  the  fun:  and  the 
moon  having  no  light  of  her  own,  and  receiv- 
ing none  from  the  fun  on  that  half  of  the  globe 
which  is  towards  our  eye,  muff  appear  dark,  and 
make  fo  much  of  the  fun’s  dilk  appear  fb,  as  is 
hid  from  us  by  her  interpolition. 

W hat  is  called  an  eclipfe  of  the  fun,  is  there- 
fore, in  reality,  an  eclipfe  of  the  earth,  which  is 
deprived  of  the  fun’s  light,  by  the  moon’s  coming 
between,  and  caffing  a lhadow  upon  it.  The 
earth  being  a globe,  only  that  half  of  it  which  at 
any  time  is  turned  towards  the  fun,  can  be  en- 
lightened by  him  at  that  time;  it  is  upon  fome 
part  of  this  enlightened  half  of  the  earth,  that 
the  moon’s  fhadow,  or  penumbra,  falls  in  a folar 
eclipfe. 

The  fun  is  always  in  the  plane  of  the  ecliptic; 
but  the  moon  being  inclined  to  this  plane,  and 
only  coinciding  with  it  at  the  nodes,  it  will  not 
cover  either  the  whole  or  a part  of  the  fun ; or  in 
other  words,  the  lun  will  not  be  ec;Iipfed,  unlefs 

the  moon  at  that  time  is  in  or  near  one  of  her 
nodes. 

The  moon,  however,  cannot  be  diredly  be- 
tween 
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'tween  the  fun  and  us,  iinlcus  they  fire  both  in  the 
fame  pare  of  the  heavens ; th:\t  Is,  unlefs  they  are 
in  conjunaion.  'I'herefore,  the  fun  can  never 
be  eclipfed  but  at  the  new'  moon,  nor  even  then, 
unlefs  the  moon  at  that  time  is  in  or  near  one  of 
her  nodes. 

The  moon  being  much  finaller  than  the  earth, 
and  having  a conical  fnadow,  becaufe  Ihe  is  lefs 
than  the  fun,  can  only  cover  a fmall  part  of  the 
eartn  by  her  fnadow ; though,  as  w'e  have  obferved 
before,  the  whole  body  ol  the  moon  may  be  in- 
volved in  that  of  the  earth.  Hence  an  eclipfc 
of  the  fun  is  vifible  but  to  a Tew  inhabitants 
of  the  earth  ; whereas  an  eclipfe  of  the  moon 
may  be  fecn  by  all  thofe  that  are  on  that  hemi- 
•fphere  which  is  turned  towards  it.  In  other  words, 
as  the  moon  can  never  totally  eclipfe  the  earth, 
there  will  be  many  parts  of  the  globe  that  w'ill 
fiiffcr  no  ccIipfc,  though  the  fun"  be  above  their 
horizon. 

An  eclipfe  of  the  fun  always  begins  on  the 
weflern,  and  ends  on  the  eaflcrn  fide;  becaufe 
the  moon  moving  in  her  orbit  from  weff  to  caft, 
neceffarily  fird  arrives  at  and  touches  the  fun’s 
weflcrn  limb,  and  goes  off  at  the  eaflern. 

Jt  is  not  neceffary,  iil  order  to  conhitute  a 
central  eclipfe  of  the  fun,  that  the  moon  fliould 
be  exactly  in  the  line  or  the  nodes,  at  the  time  of 
it’s  conjun-ftion  ; for  it  is  fuflicient  to  denominate 
an  eclinfc  of  the  fun  ceitral,  that  the  center  of 
the  moon  be  directly  between  t’ne  center  of  the 
fun,  and  the  eye  of  the  fpectator;  for  to  him,  the 
fun  is  then  centrally  eclipfed.  But  as  the  fhadow 
of  the  moon  can  cover  but  a fmall  portion  of  the 
earth,  it  is  obvious  this  may  happen  when  r’.ic 
moon  is  not  in  one  of  her  nodes.  Further,  the 
fun  may  be  eclipfed  centrally,  totally,  partially, 
and  not  at  all,  at  the  fame  time. 


A total 


On  Astronomy. 


T23 

A total  eclipfe  of  the  fun  is  a very  curious 
fpe^T:acle : Clavius  fiys  that,  in  that  which  he  ob^ 
ferved  in  Portugal,  in  1650,  the  obfcurity  was 
greater,  or  more  fcnfible  than  that  of  the  night: 
the  larged  ftars  made  their  appearance  for  about 
a minute  or  two,  and  the  birds  were  fo  terrified, 
that  they  fell  to  the  ground. 

Thus  in  ^V.  3,  pL  lo,  let  A B C be  the  fun, 
M N the  moon,  h 1 g part  of  the  cone  of  the 
moon’s  fliadow ; f d the  penumbra  of  the  moon; 
from  this  figure  it  is  eafy  to  perceive,  ' 

I.  That  thofe  parts  of  the  earth  that  are  with^ 
in  the  circle  reprefented  by  g h,  are  covered  by 
the  fhadow  of  the  moon,  fo  that  no  rays  can  come 
from  any  part  of  the  fun  into  that  circle,  on  ac- 
count of  the  interpofition  of  the  moon. 

' 2.  In  thofe  parts  of  the  earth  where  the 

penumbra  falls,  only  part  of  the  fun  is  vifible; 
thus  between  d and  g,  the  parts  of  the  fun  near 
C cannot  be  feen,  the  rays  coming  from  thence 
towards  d or  g,  being  intercepted  by  tlie  moon: 
whereas  at  the  fame  time,  the  parts  between  f ajid 
h arc  illinninated  by  rays  coming  from  C,  but  are 
deprived  by  the  moon  of  fuch  as  come  from  J\. 

3.  The  nearer  any  part  of  the  earth,  witiiin  the 
penumbra,  is  to  the  fhadow  of  the  moon,  as  in 
places  near  g,  I,  or  h,  the  lefs  is  the  portion  of  the 
fun  vifible  to  it’s  inhabitants  ; the  nearer  it  is  to 
the  outfidc  of  the  penumbra,  as  towards  d,  e,  or  f, 
the  greater  is  the  portion  feen. 

4.  Out  of  the  penumbra  the  entire  difk  is 
vifible. 

"Hhc  quantity  of  a Jotar  eclipfe  in  general  is  ac- 
cording to  the  fizc  of  the  moon’s  fnade  projected 
upon  the  earth  ; this  fliadc  is  largeft  when  the 
earth  is  in  aphelion,  the  moon  in  p rigcc. 

The  quantity  of  a folar  eclipfe  to  thofe  within 
the  line  which  the  center  of  the  moon’s  fnade  dc- 

Icnbcs 
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fcribcs  upon  the  earth,  depends  upon  the  apparent 
diameters  of  the  fun  and  moon  ; if  they  be  exadlly 
equal,  the  eclipfe  will  be  barely  total ; if  the  dia- 
meter of  the  moon  be  greater  than  the  fun,  it  will 
be  more  than  total ; if  the  diameter  of  the  moon’s 
fhade  be  lefs  than  the  fun’s,  the  eclipfe  will  be  an- 
nular, i.  c.  the  fun’s  difk  will  not  be  entirely  co- 
vered, but  there  will  be  a ring  of  his  light  vifible 
round  the  difk  of  the  moon. 

Eclipfts  may  be  alfo  total  or  annular,  in 
places  a little  dillant  from  the  way  of  the  center  of 
the  fliade,  but  not  central.  More  than  total  eclip- 
fes  appear  greateft  in  thofe  places  which  are 
neareft  the  path  of  the  center  of  the  lliadow.  Par- 
tial eclipfes  appear  greateft  in  thofe  places  which 
are  neareft  the  way  of  the  moon’s  lhadow  upon 
the  earth.  The  quantity  of  a folar  eclipfe  in  any 
place  is  eftimated  by  the  number  of  digits  of  the 
fun’s  diameter  covered  by  the  difk  of  the  moon,  in 
the  middle  of  the  eclipfe  : in  an  eclipfe  barely 
total,  the  fun  is  eclipfed  12  digits:  when  the 
eclipfe  is  more  than  total,  he  is  eclipfed  fo  much 
more  than  12  digits,  as  the  diftance  between  the 
limbs  of  the  diiks  of  the  fun  and  moon  amounts  to 
in  thofe  points  where  thofe  limbs  are  neareft  to 
each  other, 

'The  Jhape  of  the  rnooT^  fhadow'  projected  upon 
the  earth  in  the  middle  of  the  eclipfe,  depends 
upon  the  tpoon’s  diftance  from  her  node.  If  the 
moon  is  in  her  node,  the  centers  of  the  fun,  moon, 
and  earth,  are  all  in  a ftrait  line,  which  is  perpen- 
dicular to  the  fpherical  furface  of  the  earth,  and 
therefore  theprojeftion  of  the  moon’s  ftiadow  upon 
the  dilk  of  the  earth  will  be  a circle.  When  the 
moon  has  latitude,  the  axis  of  her  fhadovvy  cone 
makes  an  oblique  angle  to  ‘the  fpherical  furface  of 
the  earth,  and  therefore  the  projection  of  the  ftia- 
dow upon  the  earth’s  difk  will  be  an  ellipfis,  whofe 

ex  cell- 
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cxcentricity  will  be  greater,  the  greater  the  moon’s 
latitude  is. 

^he  largenefs  of  the  moorC s Jhade  projeeled 
upon  the  earth,  depends  upon  the  following  cir- 
c'umftances : the  conical  fliadow  of  the  moon  is 
longer,  and  hmilar  fe(5lions  at  equal  diftances  from 
the  moon  are  larger,  the  greater  the  moon’s  dif- 
tance  is  from  the  fun.  Therefore  the  prpjedlion 
of  the  moon’s  fhadow  upon  the  earth  is  larged, 
when  the  earth  is  in  aphelioity  and  the  moon  in  pe^ 
rigee  ; lead,  when  the  earth  is  in  perihelion^  and 
the  moon  in  apogee^  at  the  fame  time.  In  a folar 
cclipfe  that  is  central  and  barely  total,  the  vertex 
of  the  moon’s  diadow  does  but  jud  reach  the  fur- 
face  of  the  earth in  an  annular  eclipfe,  the  coni- 
cal diadow  of  the  moon  does  not  reach  fo  far  as 
the  earth. 

^he  way  of  the  moon' s Jhadozv  upon  the  earth 
is  generally  from  wed  to  ead ; inclining  towards 
the  north  pole,  if  the  moon  is  near  her  afeending 
node  ; towards  the  fouth  pole,  if  die  is  near  her 
defeending  node.  The  way  of  the  diadow  upon 
the  earth  may  fometimes,  but  rarely,  be  from  ead 
to  wed,  and  the  fun  appear  to  be  eclipfed  fird  near 
his  eadern  limb.  The  way  of  the  center  of  the 
moon’s  diadow  is  a drait  line  only  when  it  de- 
feribes  a diameter  upon  the  earth’s  diik ; other- 
wife  it  is  an  elliptic  curve,  but  fo  near  a drait  line 
that  it  may  without  any  fendble  error  be  repre- 
fented  by  one. 

l^he  duration  of  folar  eclipfes  depends  on  the 
following  confiderations.  If  the  moon  is  in  her 
node,  the  center  “of  her  diadow  paffes  over  the 
center  of  the  earth’s  enlightened  dilk,  and  deferibes 
a diameter,  i.  e.  the  longed  line  which  can  be 
taken  in  a circle;  it  the  moon  has  latitude,  the  cen- 
ter of  her  diadow  deferibes  a chord  in  the  circular 
difle  of  the  earth,  i.  e.  a line  lefs  than  a diameter: 

The 
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^ The  whole  time  the  penumbra  of  the  fnoon  is 
-pahingover  the  dilk  of  the  earth,  is  called  the  time 
of  the  general  eel ipfe  : becaufe  all  that  time  the 
lun  appears  eclipfed  in  fome  pdace  of  the  earth  or 
other.  The  beginning  of  the  general  eclipfe  is 
when  the  moon’s  penumbra  enters  upon  the  difk  of 
the  earth,  the  end  when  the  penumbra  of  the  moon 
leaves  the  earth's  diflv.  The  duration  of  the  ge- 
neral cclipfe  depends  upon  the  length  of  the  line 
deferibed  upon  the  earth’s  dilk  by  the  center  of  the 
lliadow,  the  velocity  ot  the  moon’s  motion  from 
the  fun,  and  the  largenefs  and  Ihape  of  the  pro- 
jedion  of  the  Thadow  and  penmnbra, 

The  beginning  of  a folar  eclipfe  in  any  place 
upon  the  earth  is  when  the  penumbra^  which  fur- 
rounds  the  moon’s  fltadow,  firft  touches  the  place; 
the  end  of  the  eclipfe  is  when  the  penumbra  leaves 
the  place  ; the  duration  of  the  eclipfe  is  whilil  the 
penumbra  pafTcs  over  the  place.  In  any  place 
upon  the  earth  where  the  eclipfe  is  more  than 
total,  the  beginning  of  the  total  darknefs  is  w'hen 
the  fliadow  of  the  moon  firft  touches  the  place,  the 
end  when  it  leaves  it.  Eclipfes  more  chan  total 
are  faid  to  be  total  with  hay;  the  time  of  hay, 
viz.  of  total  darknefs,  in  any  place,  is  the  time  of 
the  htadow  pahing  over  that  place. 

The  time  the  Ibadow'  is  pahing  over  any  place, 
(and  the  fame  is  true  of  penumbra y which  is 

always  fimilar  to  the  fliadow,;  is  variable,  ih,  from 
the  velocity  of  the  muon’s  motion  from  the  fun; 
2d,  from  the  length  of  the  lhadow  nieafurcd  in  a 
line  parallel  to  the  way  of  the  hiadow,  and  dra\m 
through  the  place;  3d,  from  the  proximity  of  the 
place  to  the  center  of  the  earth’s  dilk. 

The  circumference  of  the  moon’s  orbit  is  60 
times  as  great  as  the  circumference  of  the  earth  ; 
and  therefore,  each  degree  of  the  moon’s  orbit  is 
equal  to  60  degrees  of  a great  circle  on  the  earth’s 

' furface. 
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furface.  And  as  one  degree  of  fuch  a circle  ofi 
the  earth  conruns  69  ^ Englilli  miles,  a degree  of 
the  moon’s  orbii  contains  4155  *^^des.  The  moon^s 
motion  in  ivCr  orbit,  confidering  it  as  from  the  fuii 
to  the  fun  again,  (or  rrom  change  to  change)  is 
through  all  ti'.e  360  degre  s thereof  in  29  4 days  ; 
and  therefore  llie  moves  about  half  a degree,  or 
2077  mdes  from  the  fun  in  one  hour;  and  with 
the  fame  velocity  her  lhadow  moves  over  the 
earth,  namely,  at  the  rate  of  34  «iiles  in  a mi^ 
-nute;  which  is  more  than  four  times  as  fwife  as 
the  motion  of  a cannon-ball. 

The  moon  goes  round  the  earth,  not  in  a cir- 
cular, but  in  an  elliptical  orbit ; and  the  earth’s 
center  is  in  one  of  the  focufes  of  that  orbit.  Hence 
the  moon’s  diftance  from  the  earth  is  continually 
varying:  at  a mean  rate  it  is  240,000  miles. 

When  the  moon  changethat  her  lead  didance 
from  the  earth,  her  dark  fnadow  may  cover  a fpot 
170  miles  broad  on  the  earth’s  furface,  if  the  time 
be  about  noon-;  but  much  more  if  the  time  be  in 
the  morning  or  evening  : and,  to  all  who  are 
within  that  fpor,  the  fun  will  appear  to  be  totally 
eclipfed,  but  to  no  place  without  it,  although  he 
will  be  partially  cclipfcd  to  fcvcral  hundred  miles 
'around.  But  as  the  rr.oon’s  motion  is  then  the 


fwiftelt  that  it  can  be,  the  dark  fnadow  will  be  car- 
ried quire  over  that  fpot  in  five  minutes  at  mod, 
although  the  diurnal  motion  of  the  earth  is  the 
Time  way  that  the  moon’s  fdadow  goes.  And 
therefore,  the  IcngeQ  duration  of  a total  cclipfe  of 
the  fun  can  never  be  more  than  ^ minutes,  even  if 
it  happen  at  noon.  In  the  morning  and  evening, 
the  earth’s  motion  contributes  very  liitle  toward 
the  duration  of  a folar  cclipfe,  becaufe  the  dark 
fhadow  falls  fj  obliquely-  on  the  earth  ; and  indeed, 
in  fuch  an  cclipfe,  the  darknefs  will  be  over  in  Icfs 
than  5 minutes,  although  the  fuadow  then  covers 
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liiorc  of  the  earth’s  furface  than  it  can  do  about 
noon. 

When  the  moon  changeth  at  her  mean  dif- 
tancc  from  the  earthy  the  point  of  her  dark  (ha- 
dow  does  hut  juft  reach  the  earth  : and  to  the 
places  where  it  goes  fucceflively  over,  the  fun  will 
be  totally  eclipfed  only  for  an  inftant  of  time. 

When  the  moon  changeth  at  her  greateft  dif- 
tance  from  the  earth,  her  dark  fliadow  does  not 
reach  the  earth  at  all : and  therefore  the  fun  is  not 
then  totally  hid  from  any  part  of  the  earth,  but  ap- 
pears like  aluminous  ring,  all  around  the  dark  body 
of  the  moon,  to  each  part  of  the  earth  that  the 
point  of  her  ftnadow  is  fucceflively  diredled  while 
Ihe  is  palling  between  the  earth  and  the  fun. 

Thus  it  is  plain,  that  the  fun  can  never  be 
eclipfed  but  at  the  time  of  new  moon,  nor  the 
moon  but  w hen  ftie  is  full. 

O F THE  Limits  of  Solar  and  Lunar  Eclipses. 

The  earth  goes  round  the  fun  every  year  in  an 
orbit  called  the  ecliptic ; and  therefore  the  fun,  as 
feen  from  the  earth,  appears  to  go  round  the  eclip- 
tic once  a year. 

If  the  moon’s  orbit  lay  quite  even  with  the 
ecliptic,  (or,  as  it  is  commonly  exprelfed,  ih  the 
plane  of  the  ecliptic)  the  fun  would  be  eclipfed  at 
the  time  of  every  new  moon,  bccaufe  the  moon 
would  then  be  diredtly  between  the  earth  and  the 
fun  : and  the  moon  w ould  be  eclipfed  at  every  time 
ftie  w'as  full,  becaufe  the  earth  would  then  be  di- 
rccftly  between  her  and  the  fun. 

But  one  half  of  the  moon’s  orbit  lies  on  the 
north  fide  of  the  plane  of  the  ecliptic,  and  the 
other  half  on  the  fouth  fide  of  it.  Therefore  the 
moon’s  orbit  interfeds  the  plane  of  the  ecliptic  on- 
ly in  two  oppofite  points,  • which  are  called  the-. 

moon"  St, 
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moon''s  nodes.  The  an^le  which  the  moon’s  orbi^ 
makes  with  the  plane  of  the  ecliptic  is  5 degrtess 
1 8 minutes ; fo  that,  when  the  moon  is  in  the 
northmofl  point  of  her  orbit,  fhe  is  5 degrees.,  18 
minutes  north  of  the  ecliptic;  and  as  farfouth  of  it 
when  file  is  in  the  fouthrnoft  point  of  her  orbit. 
Hence  it  is  plain,  that  the  moon  can  never  be  in  the 
ecliptic  but  when  fhe  is  in  one  or  other  of  her  nodes. 

When  the  moon  is  any  more  than  i 8 degrees 
from  either  of  her  nodes  at  the  time  of  her  change, 
file  does  not  pafs  between  the  fun  and  any  part  of 
the  earth  ; but  goes  either  above  or  below  the  fun, 

. according  as  flie  is  then  north  or  fourh  of  the 
ecliptic  ; and  therefore  flie  cannot  then  hide  any 
part  of  the  fun  from  any  part  of  the  earth.  But 
when  fhe  changeth  within  18  degrees  of  either 
node,  fhe  will  hide  the  v/hole  or  part  of  the  fun 
from  fome  part  of  the  earth.  And  if  fhe  be  in 
either  of  her  nodes  at  the  time  of  change,  the  fun 
will  be  centrally  eclipfed  to  that  point  of  the  earth’s 
Turface  which  is  then  in  a ftrait  line  between' 
the  fun’s  center  and  the  earth’s.  At  all  other  places 
which  the  center  of  the  moon’s  fliadow  goes 
over,  the  fun  will  likewife  be-centrally  eclipfed. 

W hen  the  moon  is  any  more  than  1 2 degrees 
from  either  of  her  nodes  at  the  time  of  full,  flie 
palTeth  clear  of  the  earth’s  fliadow  ; and  therefore 
ihc  cannot  he  eclipfed  at  that  time.  But  when  hie 
is  w’ithin  12  degrees  of  cither  node  at  the  time  of 
her  being  full,  flie  is  eclipfed.  And  when  flie  is 
full  in  either  of  her  nodes,  fhe  goes  through  the 
middle  of  the  earth  s fliadow,  and  is  totally  eclipfed 
with  the  longed  continuance,  which  may  be  above 
an  hour  and  an  half. 

Of  the  Period  of  Eclipses. 

The  ecliptic  is  divided  into  twelve  equal  parts, 
IV.  K . 
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called and  each  fign  into  30  equal  parts  cal- 
led degrees.  If  the  moon’s  nodes  had  no  motion 
through  the  figns  of  the  ecliptic,  there  would  be 
juft  half  a year  between  the  times  of  the  fun’s  con- 
juncflions  with  the  nodes;  and  then,  in  whatever 
ligns  the  luii  and  moon  were  eclipfed  in  any  given 
year,  they  would  be  eclipfed  every  year  after.  But 
the  eclipfes  fall  fo  much  fooner' every  fucceeding 
year  than  they  did  on  the  year  before,  as  to  prove 
that  the  nodes  move  backward,  or  contrary  to  the 
motion  of  the  moon,  iqi  degrees  every  year,  from 
the  confequent  towa^-d  the  antecedent  figns.  And 
therefore,  they  go  backward  through  all  the  figns 
and  degrees  of  the  ecliptic  in  18  years  and  225 
days. 

If  in  tlTat  time  there  were  any  exadt  number 
(5f  courfes  of  the  moon  from  change  to  change, 
without  any  fradlion,  there  would  be  an  exacl  pe- 
riod or  relditution  of  eclipfes  in  the  fame  time. 
But  durino:  this  revolution  of  the  nodes,  there  are 
230  courfes  of  the  moon,  and  a quarter  of  a courfe 
more:,.fo  that  there  can  be  no  cxadl  period  of 
eclipfes  in  any  complete  revolution  of  the  nodes. 

But  in  18  years,  it  days,  7 hours,  and  43^ 
minutes,  in  which  time  there  are  juft  223  courfes 
of  the  moon  from  change  to  change,  there  is  a 
conjundlion  of  the  fun  and  moon  with  the  fame 
node  as  before ; and  confequently,  a period  or 
reftitution  of  all  the  eclipfes  of  the  fun  and  moon. 
And  therefore,  if  to  the  mean  time  of  any  eclipfe, 
cither  of  the  fun  or  moon,  you  add  i 8 years,  1 1 
days,  7 hours,  43^  minutes,  you  wdll  have  the 
mean  time  of  the  return  of  that  eclipfe.  Only 
note,  that  when  the  laft  day  of  February,  in  leap- 
years,  comes  but  four  times  into  this  period,  you 
are  to  add  the  above  number  of  days,  hours,  and 
minutes  : but  when  it  comes  five  times  in,  as  it 

fometimes  do,  you  muftadd  one  whole  day  lefs. 

And 
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And  thus,  anyone,  who  has  a fet  of  almanacks  for 
19  years,  in  which  all  the  cclipfes  are  noted  for 
that  time,  may  very  eafily  calculate  the  time  of 
any  future  eclipfe.  This  is  called  the  Chaldean 
Sarost  or  period  of  eclipfes. 

As  the  nodes  go  backwards  at  the  rate  of  19^ 
degrees  every  year,  which,  for  the  fake  of  round 
numbers,  we  may  call  19  degrees;  thefe  19  degrees 
are  nearly  equal  to  19  days  of  the  fun’s  motion, 
and  the  half  of  19  is  9I;  fubtracd  91  days  from 
1S2L  days,  which  make  half  a year,  and  there  will 
remain  173  days  for  the  time  between  the  fun’s 
being  in  conjundion  with  either  of  the  nodes  till 
the  time  of  his  being  fo  with  the  other. 

Now,  as  the  fun  can  never  be  eclipfed  when 
he  is  more  than  i 8 degrees  from  either  node,  nor 
the  moon  when  flie  is  more  than  12,  (as  already 
mentioned,)  it  is  plain  there  mult  be  an  eclipfe  of 
the  fun  at  the  time  of  every  new  moon  that  falls 
within  18  days  before  or  after  the  time  of  his  be- 
ing in  conjundion  with  either  of  the  nodes;  and 
that  the  moon  muft  be  eclipfed  at  every  time  of 
her  being  full  within  12  days  before  or  after  the 
time  of  the  fun’s  being  in  conjundion  w ith  either 
of  the  nodes.  And  confequently,  if  we  can  tell  on 
what  days  of  the  year  thefe  conjundions  fall,  wx 
can  eafily  tell  at  what  new  and  full  moons  there 
muft  be  eclipfes;  feeing  the  days  of  new  and  full 
moons  are  fo  generally  known. 

In  fome  years  there  arc  fix  eclipfes,  four  of 
which  are  of  the  fun,  and  two  ol  the  moon:  in 
other  years  there  arc  only  two,  and  when  that  hap- 
pens, they  are  both  of  the  fun : but  the  moli  com- 
mon number  is  four;  namely,  two  of  the  fun;  and 
two  of  the  moon.  * 
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The  Darkness  at  our  Saviour’s  Crucifixion  ' 

Supernatural. 

From  the  account  1 have  given  you  of  eclipfes 
it  plainly  appears,  that  the  fun  can  never  be  eclip- 
fed,  in  a natural  way,  but  at  the  time  of  new  moon, 
nor  the  moon  but  when  flie  is  full;  and  that,  when 
the  fun  is  totally  eclipfed,  the  darknefs  can  never 
continue  above  five  minutes  at  any  place  of  the 
.earth. 

But  the  three  evangellfl:s,St.  Malthew.St.  Mark,  . 
and  St.  Luke,  mention  a darknefs  that  continued  three 
hours,  at  the  time  of  our  Saviour’s  crucifixion. 

If  their  account  of  that  darknefs  had  been  falfe,  it 
would  have  been  contradicted  by  many  who  were 
then  prefent ; efpecially  as  they  were  great  ene- 
mies both  to  Chrifl:  and  his  few  difciples,  as 
well  as  to  the  doctrine  he  taught.  But- as  none 
of  the  Jews  have  contradicted  the  evangelifts’  ac- 
count of  this  moft  extraordinary  phenomenon, 
it  is  plain  that  their  account  of  it  is  true.  Befides,. 
the  evangelifts  mult  have  known  full  well,  that 
it  could  not  be  their  intereft  to  palm  fuch  a lie 
upon  mankind ; which,  when  detected,  mufi:  have 
gone  a great  way  toward  deftroying  the  credi- 
bility ot  all  the  reft  of  the  account  they  gave 
of  the  life,  actions,  and  doctrine  of  their  matter: 
and  inficad  of  forwarding  the  belief  of  chriftianity, 
ir  would  have  been  a blow  at  the  very  root  thereof.  ' 
\Vc  do  not  find  that  they  have  beftowed  any  pane- 
g'.  ric  on  the  life  and  actions  of  Christ,  or  thrown 
out  an  invective  againlt  his  cruel  perfccutors ; but, 

■ in  the  moft  plain,  fiinple,  and  artlefs  manner,  have 
told  us  what  their  fenfes  convinced  them  were 
matters  of  favfl:  fo  that  we  have  as  goc;d  reafon  to 
believe  that  there  was  fuch  darknefs,  as  we  have 
to  believe  that  Chrifi:  was  then  upon  earth:  and 

that 
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that  he  was,  has  never  been  contradi(fled,  even  by 
the  Jews  thcmfelves. 

But  there  are  other  accounts  of  Chrift,  befides 
thofe  which  the  evangelids  have  left  us.  It  is  cx- 
prefslyafBrmed,  by  the  two  Roman  hiftorians,  Taci- 
tus and  Suetonius,  that  there  was  a general  ex- 
pectation fpread  all  over  the  eaftern  nations,  that 
out  of  Judea  Ihould  arife  a perfon  who  Ihould  be 
Governor  of  the  w'orld.  That  there  lived  in  Judea, 
at  the  time  which  the  gofpcl  relates,  fuch  a perfon 
as  Jefus  of  Nazareth,  is  acknowledged  by  all  au- 
thors, both  Jewilh  and  Pagan,  who  have  written 
fince  that  time.  The  Ifar  that  appeared  at 
his  birth,  and  the  journey  of  the  Chaldean  wife 
men,  is  mentioned  bv  Chalcidius  the  Platonilf. 
Herod's  caiifmg  the  children  in  Bethlehem  to  be 
ilain,  and  a reflection  upon  him  on  that  occaflon 
by  tne  emperor  Aiiguftus,  is  related  by  Macrohius. 
Many  of  the  miracles  that  Jefus  wrought,  particu- 
larly his  healing  the  lame,  and  curing  the  blind, 
and  calling  out  devils,  are  owned  by  thefe  inve- 
terate and  implacable  enemies  of  chriflianity, 
Celfiis  and  Julian,  and  the  authors  of  the  Jevvilli 
Talmud.  That  the  power  of  the  heathen  gods 
ceafed,  after  the  coming  of  Chrifl,  is  acknowledged 
by  Porphyry,  who  attributed  it  to  their  being  angry 
at  the  fetting  up  of  the  chriflian  religion,  which 
he  calls  impious  and  profane.  The  crucilixion  of 
Chrifl  under  Pontius  Pilate  is  related  bv  Tacitus, 
•and  the  earthquake  and  miraculous  darKnefs  at- 
tending it  were  recorded  in  the  public  Roman 
regiflers,  commonly  appealed  to  by  the  lirll  chrif- 
tian  writers,  as  w’hat  could  not  be  denied  by  the 
adverfaries  themfelves;  and  arc  in  a particular 
manner  attefted  by  Pblegon,  the  freed  man  of 
Adrian, 

Some  people  have  faid,  that  the  above-men- 
tioned darknefs  might  have  been  occafioned  by  a 

K 3 natural 
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natural  eclipfe  of  the  fun  ; and  confequcntly,  that 
there  was  nothing  miraculous  in  it.  If  this  had 
been  the  cafe,  it  is  plain  that  our  Saviour  mufi  have 
been  crucified  at  the  time  of  new  moon.  But  then,  in 
a natural  way,  the  darknefs  could  not  pofiibly  have 
continued  for  more  than  five  minutes:  whereas, 
to  have  made  it  continue  for  three  hours,  the  moon’s 
niotion  in  her  orbit  mufi  have  been  flopt  for  three 
hoius,  and  the  earth’s  motion  on  it’s  axis  mufi: 
have  been  fiopt  as  long  too.  And  then,  if  the 
power  of  gravitation  had  not  been  fufpended  du- 
ring all  that  time,  the  moon  wmuld  have  fallen  a 
great  way  toward  the  earth.  So  that  nothing  lefs 
than  a triple  miracle  mufi:  have  been  wrought  to 
have  cauled  fuch  a long  continued  darknefs  by  the 
interppfition  of  the  moon  betweeiiihe  fun  and  any 
part  of  the  earth  : which  fhew  s,  that  they  who  make 
luch  a fuppofition  are  entirely  ignorant  of  the  na- 
ture of  ctlipfes.  But  there  could  be  no  natural  or 
regular  eclipfe  of  the  fun'on  the  day  of  Chrifl’s 
crucifixion;  as  the  moon  was  full  on  that  day,  and 
confequently  in  the  fide  of  the  heavens  oppofite  to 
the  fun.  And  therefore  the  darknefs  at  the  time 
of  his  crucifixion  w'as  quite Juperncitural, 

1 he  Ifraelites  reckoned  their  months  by  the 
coLirfe  of  the  moon,  and  their  years  (after  they 
left  Egypt)  by  the  revolution  of  the  fun,  computed 
from  the  equal  day  and  night  in  fpring  to  the  like 
time  again.  For  we  find,  they  were  told  by  the 
Almighty  (Exod.  xii.  2.)  that  the  month  Abib  (or 
Nifan)  fliould  be  to  them  the  fiyfi  jnonth  of  the  year. 
'Ihis  w'as  the  month  in  which  they  were  delivered 
from  their  F^gyptian  bondage,  and  includes  part 
of  March  and  part  of  April,  in  our  way  of  reck- 
piling. 

In  feveral  places  of  the  Old  Tefiament, 
w’e  find  that  the  Ifraelites  were  firiefily  com- 
piandcd  to  kill  the  pafchal  lamb  on  the  evening 

(or. 
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(or,  as  it  is  in  the  Hebrew,  between  the  evenings) 
of  the  fourteenth  day  of  the  firfl:  month  ; and  Jo-' 
fephus  exprefsly  fays,  The  paiFovcr  was  kept  on 
the  fourteenth  day  of  the  month  Nifan,  according 
to  the  moon,  when  the  fun  was  in  Aries.”  And 
the  fun  always  enters  the  fign  Aries,  when  the  day 
and  night  are  equal  in  the  fpring  feafon. 

They  began  each  month  on  the  firfl  day  of 
the  moon’s  being  vifible,  which,  could  not  be  in 
lefs  than  24  hours  after  the  time  of  her  change; 
and  the  moon  is  full  on  the  15th  day  reckoned 
from  the  time  of  change.  Hence,  the  14th  day  of 
the  month,  according  to  the  Ifraelites’  way  of  rec- 
koning, was  the  day  of  full  moon  : which  makes  it 
plain,  that  the  palfoverwas  always  kept  on  a full 
moon  day;  and  at  the  time  of  the  full  moon  next 
after  the  equal  day  and  night  in  the  fpring;  or, 
when  the  fun  was  in  Aries. 

All  the  four  evangelifls  affure  us,  that  our 
Saviour  was  crucified  at  the  time  of  the  paffover : 
and  hence  it  is  plain,  that  the  crucifixion  was 
at  the  time  of  full  moon^  w'hen  it  is  impofiible 
that  the  moon  could  hide  the  fun  from  any  part  of 
the  earth.  St.  John  tells  us,  that  Chrift  was  cru- 
cified on  the  day  that  the  paffover  was  to  be  eaten; 
and  we  likewife  find,  that  fome  remonfirated  againfl 
his  being  crucified  ‘'on  feajl  day^  left  it  fhould 
caufe  an  uproar  among  the  people.”* 

* Fergufon’s  Aflronornical  Lefture  on  EcHpfes. 
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LECTURE  XLI. 


Of  Parallax  and  Refraction,  and  the  Aber^ 
ration  of  Light,  &c. 


Astronomy  is  fubjed  to  many  difficulties, 
befides  thore  which  are  obvious  to  every  eye. 
When  we  look  at  any  flar  in  the  heavens,  we  do  not 
fee  it  in  it’s  real  place;  the  rays  coming  from  it,  when 
they  pafs  out  of  the  purer  etherial  medium,  into 
pur  coarfer  and  more  denfe  atmofphere,  are  refrac- 
tedy  or  bent  in  fuch  a manner,  as  to  fhew  the  ftar 
higher  than  it  really  is.  Hence  we  fee  ail  the  flats 
before  they  rife,  and  after  they  fet ; and  never,  per^ 
haps,  fee  any, one  in  it’s  true  place  in  the  heavens, 
ihere  is  another  difference  in  the  apparent  fitua- 
tion  of  the  heavenly  bodies,  which  arifes  from  the 
flations  in  which  an  obferver  views  them.  This 
difference  ip  fituation  is  C4lled  the  parallax  of  an 
pbjed;. 

' I 

Of  Refraction, 

As  one  of  the  principal  objecfls  of  aflronomy 
15  to  fix  the  fituation  of  the  feveral  heavenly  bo- 
dies, it  is  neceffary,  as  a firfl  flep,  tp  underfland 
the  caufes  which  occafion  a falfe  appearance 
of  the  place  of  thofe  objefls,  and  make  us  fup- 
pofe  them  in  a different  fituation  from  that 
which  they  really  have.  Among  thefe  caufes, 
refra&ion  is  to  be  reckoned.  By  this  term  is 
meant,  the  bending  of  the  rays  of  light  as  they 
pafs  out  pt  one  medium  into  another. 

The  earth  is  every  where  furrcui^ded  by  art 

hetero- 
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heterogeneous  fluid,  a mixture  of  air,  vapour,  and 
terrefl:rial  exhalations,  that  extend  to  the  regions 
of  the  fky.  The  rays  of  light  from  the  fun,  moon, 
and  flars,  in  palling  to  a fpeftator  upon  the  earth, 
come  through  this  medium,  and  are  fo  refracted 
in  their  pafTage  through  it,  that  their  apparent 
altitude  is  greater  than  their  true  altitude. 

Let  A C,  jig.  3,  pi.  7,  reprefent  the  furfacc 
of  the  earth,  T it’s  center,  B P a part  of  the  at- 
mofphere,  H E K the  fphere  of  the  fixed  flars, 
A F the  fenflble  horizon,  G a planet,  G D a ray 
of  light  proceeding  from  the  planet  to  D,  where 
it  enters  our  atmofpherc,  and  is  refra61ed  towards 
the  line  D T,  which  is  perpendicular  to  the  fur- 
face  of  the  atmofphere  ; and  as  the  upper  air  is 
rarer  than  that  near  the  earth,  the  ray  is  continu- 
ally entering  a denfer  medium,  and  is  every  mo- 
ment bent  towards  T,  which  caufes  it  to  deferibe 
a curve  as  D A,  and  to  enter  a fpeeflator’s  eye  at 
A,  as  if  it  came  from  E,  a point  above  G.  And 
as  an  objed  always  appears  in  that  line  in  which 
it  enters  the  eye,  the  planet  will  appear  at  E, 
higher  than  it’s  true  place,  and  frequently  above 
the  horizon  A F,  when  it’s  true  place  is  below  it 
at  G. 

This  refradion  is  greatefl  at  the  horizon,  and 
decrcafes  very  fafl  as  the  altitude  increafes,  info- 
much  that  the  refradion  at  the  horizon  diflers 
from  the  lefi action  at  a very  few  degrees  above 
the  horizon,  by  about  one-third  part  of  the 
whole  quantity.  At  the  horizon,  in  this  climate, 
it  is  found  to  be  about  33  nnnutes.  In  climates 
nearer  to  the  equator,  where  the  air  is  purer,  the 
refraction  is  lels  ; and  in  the  colder  climates,  nearer 
to  the  pole,  it  increafes  exceedingly_,  and  is  ahap- 
py  provifion  for  lengthening  the  appearance  of 
^e  light  at  thofe  regions  fo  remote  from  the  fun. 
GafTcndus  1 dates,  that  ionic  Hollanders  who  win- 
tered 
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tcrcci  in  Nova  Zcn'iola,  in  latitude  *7^  degrees^  were 
agreeably  furprized  with  a fight  of  the  fun  17  days 
before  they  expeclcd  him  in  the  horizon.  This 
diHerence  was  owing  to  the  refraction  of  the  at- 
snofphere  in  that  latitude.  To  the  fame  caufe, 
together  with  the  peculiar  obliquity  of  the  moon’s 
orbit  to  the  ecliptic,  fome  of  thefe  very  nortliern 
regions  are  indebted  for  an  uninterrupted  light 
from  the  moon  much  more  than  half  the  month, 
and  fometimes  almofi:  as  long  as  it  is  capable  of 
affording  any  light  to  other  parts  of  the  earth. 

ihrough  this  refradlion  we  are  favoured  w'ith 
_ the  fight  of  the  fun,  about  3 minutes  and  i before 
rifes  above  the  horizon  ,*  and  alfo  as  much  every 
evening  after  it  fets  below  it,  which  in  one  year 
amounts  to  more  than  40  hours. 

It  is  to  this  property  of  refradion  that  we  are 
alfb  indebted  for  that  enjoyment  of  light  from 
the  fun  when  he  is  below  the  horizon,  which  pro- 
duces the  morning  and  evening  twilight.  The 
fun’s  rays,  in  falling  upon  the  higher  part  of  the 
sttmofphere,  arc  refieded  back  to  our  eyes,  and 
form  a faint  light,  which  gradually  augments  till 
it  becomes  day.  It  is  owing  to  this,  that  the  fun 
illuminates’  the  whole  hcmifphere  at  once  ; de- 
prived of  the  atmofphere,  he  would  have  yielded 
no  light,  but  w hen  our  eyes  were  direded  lowards 
him  ; and  even  when  he  was  in  meridian  fplendor, 
the  heavens  would  have  appeared  dark,  and  as  full 
of  flars  as  on  a fine  winter’s  nierht.  The  rays  of 

^ O ^ ■* 

light  would  have  come  to  us  in  llrait  lines,  and 
the  appearance  and  difappearance  of  the  fun  would 
have  been  inflantancous  ; w’e  fnould  have  had  a 
fudden  tranfition  from  the  brightdl  fun-ffiine  to 
the  moff  profound  darknefs,  and  from  thick  dark- 
nefs  to  a blaze  of  light.  Thus  by  refraffion  we 
sre  prepared  gradually  for  the  light  of  the  fun, 

the 
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the  duration  of  it’s  light  is  prolonged,  and  the 

{hades  of  darknefs  foftencd. 

To  it  we  iTiuft  alfo  attribute  another  curious 
phenomenon,  mentioned  by  Pliny  ; for  he  relates, 
that  the  mooii  had  been  edipfed  once  in  the  weft, 
at  the  fame  time  that  the  fun  appeared  above  the 
horizon  in  the  eaft.  Maeftlinus,  i n Kepler,  fpeaks 
of  another  inftance  of  the  fame  kind,  which  fell 
under  his  own  obfervation. 

'Of  Parallax. 

The  paralUix  of  a celeftial  objed  is  the 
difference  between  the  places  that  the  objedl;  is  re- 
ferred to  in  the  celeftial  fphere,  when  feen  at  the 
fame  time  from  two  difterent  places  within  that 
fphere.  Or  it  may  be  confidered  as  the  angle  un- 
der which  any  two  places  in  the  inferior  orbits 
are  feen,  from  a fuperior  planet,  or  from  a fixed 
liar. 

The  parallaxes  principally  ufed  by  aftronomy, 
are  thofe  which  arife  from  confidering  the  objed 
as  viewed  either  from  the  center  of  the  earth. and 
the  fun,  or  from  the  fiirface  and  center  of  the 
earth,  or  from  all  three  compounded. 

The  difference  between  the  place  of  any  pla- 
net as  feen  from  the  fun,  and  the  fame  planet  as 
feen  from  the  earth,  is  called  the  parallax  'of  the 
annual  orbit  ,•  in  other  words,  it  is  the  angle,  at  any 
planet  fubtended  between  the  fun  and  the  earth. 

The  diurnal  parallax  is  the  change  of  a 
celeftial  body’s  apparent  place,  arifing  from  it’s 
being  viewed  from  two  different  ftations,  one 
on  the  fiirface y and  the  other  at  the  center  of  the 
earth. 

The  neceffity  of  this  diftindion  is  obvious, 
for  you  know^  that  an  objed  will  change  it’s  ap- 
parent fituation  v.nth  refped  to  another,  according 

to 
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to  the  flarion  froin  which  it  is  viewed  ; hence 
celeftial  objedls  viewed  from  different  parts  of  the 
earth’s  furface,  will  appear  in  different  lituations. 
To  facilitate  and  give  certainty  to  calculation, 
affronomers  refer  all  celeffial  appearances  to  the  • 
center  of  the  earth;  of  courfc  they  are  obliged  con- 
tinually to  calculate  parallaxes^  in  order  to  reduce 
the  obferved  places  of  the  objeCls  to  that  where 
they  •w'ould  be  lituated  if  feen  from  the  center  of 
the  earth. 

Let  a line,  A fig.  4,  pj.  y,  be  drawn  per- 
pendicular to  the  diffance  B C,  between  an  adja- 
cent objedl  C,  and  any  given  ffation  B : the  ap- 
parent places  of  the  object,  when  viewed  from  the 
extremities  of  the  line  A B,  will  be  different. 

I.  The  perpendicular  line  A B is  called 
thebafe.  2.  The  extremities  A Bof  the  bafe  are 
called  ffations.  3.  The  angle  A C B,  fubtended 
by  the  extremities  of  the  bafe  at  the  objeff:,  is 
called  the  angle  of  the  parallax.  4.  The  bafe  is 
to  the  leffer  of  the  two  diffances  of  the  objed 
from  the  extremities  of  the  bafj,  as  the  tangent 
of  the  angle  of  parallax  to  radius  ; and  to  the 
greater,  as  the  fine  of  the  fame  angle  to  radius. 

Suppofe  lines  to  be  drawn  from  the  two  ffa- 
tions to  an  objecl : one  of  the  angles  contained  by 
thefe  lines  (as  in  the  figure)  being  a right  angle, 
the  other  w'ill  be  the  complement  of  the  parallax 
to  90  degrees. 

Jf  the  angles  at  the  ffations  terminating  a 
given  bafe  be  known,  it  is  cafy,  by  trigonometry, 
to  determine  the  diffance  of  tliieohjed.  N.  B.  We 
here  fuppofc  one  of  the  angles  at  the  bafe  to  be 
90  degrees. 

When  the  diffance  of  an  objed  is  greater 
than  100,000  times  the  bafe,  the  angles  at  the  two 
ffations  will  not  fcnfibly  differ  from  two  right 
ones  j and  confecjucntly  the  lines  drawn  from  the 
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objctfl  to  the  ftations,  are,  phyfically  fpeaking, 

purallel.  . 

Now  the  angle,  whofe  tangent  is  to  radius,  as  f 

to  100,000,  is  2006,  or  very  little  more  than  a fe- 
cond  : and  the  moft  accurate  inllruments  con- 
ftrudled  for  the  menfuration  of  angles  cannot  be 

depended  upon  to  2 feconds. 

"d'hcrctorc  the  parallax  of  an  object,  v^hoic 
diftance  is  above  100,000  times  greater  than  that 
between  the  two  ftations  of  obiervation,  is  in— 
feniible. 

VVe  may  therefore  conclude,  that  if  the  pa- 
rallax of  an  object  (obferved  with  an  inftrumeiit 
fufficiently  exadl  to  meafurc  an  angle  of  2 fecondsj 
be  infenfible,  the  dilfance  of  it  from  either  ftatioa 
cannot  be  lefs  than  100,000  times  the  bafe,  fiom 
the  extremities  of  which  it  is  oblerved. 

But  you  are  to  obferve,  that  although  the  dif- 
tance  of  the  objecih  cannot  be  lefs  than  100,000 
times  the  bafe,  it  may  be  greater  in  any  alhgnabic 

ratio. 

Lines  drawn  from  any  given  point  in  a bale, 
to  an  objef!:!:,  may  be  elfeemed  in  pradlice  parallel, 
without  lenfible  error,  if  the  diftance  of  the  objed; 
is  more  than  100,000  times  the  bdfe. 

Hav  ing  laid  down  thefe  few  general  princi- 
ples, we  may  now'  proceed  to  explain  the  paral- 
laxes ufed  by  adronomers,  which  are  principally 
thofe  w'hich  arife  from  confidering  the  object  as 
viewed  from  the  center  of  the  earth  and  fun,  from 
the  furfacc  and  the  center  of  the  earth,  and  f}*om 
thefe  cohipounded. 

The  diameter  of  the  earth  is  the  longed  drait 
line  we  can  accurately  obtain,  and  is  in  general 
the  bafe  ufed  for  determining  the  didances  of  ce- 
ledial  objeds  by  uheir  parallaxes. 

The  change  in  the  apparent  place  of  a planet, 
or  fixed  dar,  or  any  celcdial  body,  ariling  from 
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it’s  being  viewed  on  the  furface,  or  from  thecen- 
tei  of  the  earth,  is  called  it’s  diurnal  parallax. 

To  explain  the  parallaxes  with  refpedl:  to  the 

diagram,  fg,  0,  p/.  ^^hcre 
H S W rcprefents  the  earth ; T it’s  center ; O R G 
part  of  the  moon’s  orbit  ; P r g a part  of  a pla- 
net s orbit  ; Z a A part  ot  the  Harry  heavens  > 
Z S a line  which  palfes  through  the  zenith. 

Now  it  is  plain  from  the  infp>ed:ion  of  the 
diagram,  that  a planet  P Htuated  in  the  zenith 
line,  always  anfwers  to  the  fame  point  of  the 
heaven,  whether  it  be  regarded  from  the  center  T, 
cr  from  the  point  S on  the  furface  ; Jo  that  a cei 
lejlial  body  in  the  zenith  has  no  parallax. 

If  the  planet,  inflead  ol  being  in  the  zenith^ 
is  in  the  horizontal  line  S A,  perpendicular  to  the 
line  Z S,  it’s  dillance  T from  the  center  of  the 
earth  IS  the  lame  as  it’s  diftance  i P.  Put  the 
place  of  the  planet  feen  from  the  center  of  the 
earth  is  at  d,  while  it’s  place  feen  from  S or  the 
furface  is  at  A;  the  diflerence  between  thefe  tw’o 
lituations  is  their  parallax. 

Let  us  now  compare  thefe  two  points  or  fitu- 
ations  with  the  point  Z,  w here  the  planet  is  feen,, 
when  ill  the  zenith  of  the  obferver.  The  an- 
gle ZSg^  formed  by  the  vertical  line  S Z,  and 
the  line  S A in  which  the  planet  appears,  is  the 
apparent  dillance  of  the  planet  from  the  zenith: 
but  if  you  w’ere  at  the  center  of  the  earth,  the  angle 
ZTg  would  Ihew  the  diftance  from  the  ze- 
nith. 

The  apparent  diftance  ZSg,  is  greater  than 
the  true  diftance  ZTg,  in  the  right  angled  tri- 
angle g T S.  Geometry  proves  that  the  angle  ZSg 
is  equal  the  two  angles  S 1'  g,  Sg  T.  It  is  therefore 
greater  than  the  angle  S T g,  by  the  quantity 
S g T.  Thus  the  apparent  diftance  of  the  planet 
from  the  xenkh,  is  greater  than  the  true  dillance; 

and 
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and  the  difference  between  thefetwo  angles  S g T, 
is  the  paralladic  angle,  which  is  in  this  cafe  called 
the  honxoiiidl  parallax,  the  line  S T being  the  bale. 

The  parallax  of  a celeftial  body,  is  then  the 
angle  formed  from  the  center  of  the  body  by  two 
lines,  one  of  which  proceeds  to  the  cejiter  of  the 
earth,  the  other  to  it’s  furface;  or  it  is  the  incli- 
nation of  two  lines  which  proceed  the- one  from 
the  center,  the  other  from  the  furface  of  the  earth, 
to  unite  in  the  center  of  the  planet;  or  ftili  in 
other  words,  it  is  the  angle  at  which  the  femidi- 
ameter  of  the  earth  will  appear,  feen  from  the 
center  ol  the  planet. 

The  triangle  T S g,  is  called  the  parallaBu 
triangle  ; it  is  always  fituated  vertically,  bccaufe  the 
iineS  T is  a vertical  line  ; thus  the  whole  efFeeftof 
parallax  is  made  in  a vertical  circle  ; indeed,  as  the 
center  of  the  earth  is  under  your  feet,  that  is  the 
plane  of  all  tha  vertical  c\tc\q^.  Therefore,  paral- 
lax is  always  reckoned  on  thefe  circles,  making 
them  appear  lower,  but  never  to  the  right  or  left 
of  a vertical  circle  ; confcquently  the  parallax  doci 
not  change  the  azimuth  of  a planet. 

I have  hitherto  only  fpoken  of  the  parallax 
when  the  planet  is  in  the  horizon,  that  is,  w'hcn 
Z S g is  a right  angle,  and  I have  called  this  the 
horizontal  parallax.  If  the  planet  is  nearer  the 
zenith,  as  at  y',  the  parallaflic  angle  becomes  fmall- 
er,  and  is  called  the  parallax  ot  akitude.  It  is  evi- 
dent by  the  diagram,  that  the  horizontal  parallax 
is  the  greateff  of  all,  and  that  as  the  planet  rifes 
above  the  horizon  it  gradually  diminiffics  un- 
til it  comes  to  the  zenith,  where  it  vanifl'ies  or 
becomes  equal  to  nothing.  Thus  the  parallax  A 
' G D of  the  objeT  G,  is  greater  than  the- parallax 
a R B of  the  fame  objedt  when  at  R but  when  it 
is  at  O in  the  zenith,  there  is  no  pa  rati  a 

The  parallax  of  a planet-,  is-  fmallcr  in  pro- 
portion: 
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portion  3.S  it  IS  more  dillsnt;  for  the  nesrer  is 
to  S,  the  greater  is  the  angle  S g T;  hence 
iiiathcrnaticians  prove,  that  when  the  altitudes  are 
the  lame,  the  parallax  of  altitude  is  in  the  inverfe 
ratio  of  the  diftance. 

The  horizontal  parallax  of  the  moon>  which 
is  the  greateft  of  all  the  planets,  does  not  exceed 
a degree.  , 

The  parallax  of  a planet  increafes  alfo  with 
it’s  apparent  diameter;  in  fad,  the  further  a planet 
is  oh,  th^  lefs  is  it’s  apparent  diameter,  and  the 
diameter  diminilhes  like  the  parallax  in  an  inverfe 
ratio  of  the  diflance  ; therefore  the  parallax  is  as 
the  diameter.  If  the  parallax  was  leffened  one  half, 
the  diameter  would  be  one  half  lefs;  and  the  fame 
relation  fubfills,  whatever  be  the  diflance.  Thus 
the  diameter  of  the  nioon  is  alwaysTT  of  it’s 
parallax,  and  the  cube  of  this  fradion  ^V/ marks 
it’s  fize  with  refped  to  the  earth. 

When  the  horizontal  parallax  of  a celeflial 
objed  is  known,  it  is  eafy  to  difeover,  by  the  rules 
of  trigcnometiT>the  diflance  of  the  objed  ; for  in 
the  right  angled  triangle  S T G,  you  have  the  femi- 
diameterof  the  earth  S T known,  the  anofle  STD 
90  degrees,  and  the  paralladic  angle  T G S given, 
from  whence  it  is  eafy  to  obtain  the  refl.  It  is  indeed 
difficult  to  determine  the  horizontal  parallax  with 
accuracy,  on  account  of  the  effeds  of  refradion. 
But  the  parallax  of  an  objed  at  any  altitude  being 
obferved,  it’s  horizontal  parallax  may  be  computed. 

The  diurnal  parallax  of  an  objed  according 
to  the  different  fituation  of  fic  ecliptic  and  equator 
in  refped  to  the  zenitli,  will  fometimes  caufe  an 
apparent  change  or  parallax  of  the  latitude,  lon- 
gitude, declination,  and  right  afcenfion  thereof. 

In  finding  the  parallax  of  the  fun  ^ or  w'hich  is 
the  fame,  the  angle  under  which  the  earth’s  femi- 
.diauictcr  would  appear  at  that  diflance,  the  angle 

is 
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is  fo  exceeding  fmall,  that  a miftake  of  one  fe- 
cond  would  occafion  an  error  of  about  feven  mil- 
lions of  miles,  from  whence  you  may  judge  the  ex- 
adtnefs  necclfary  in  finding  the  parallax  of  any 
cclclfial  objcdl. 

The  annual  parallax  is  the  change  in  the 
apparent  place  of  an  object,  which  is  caufed  by 
it’s  being  viewed  from  the  earth  in  different  parts 
of  it’s  orbit. 

The  annual  parallax  of  all  the  planets  is  very 
confidcrable,  that  of  the  fixed  ffars  infenfibl'e. 

The  fun’s  parallax  being  fo  fmall  as  to  be 
fcarcely  fenfible  to  the  befl  obfervers  when  ufing 
the  mod:  accurate  inffruments,  various  indirect  me- 
thods have  been  propofed:  of  thefe,  that  fuggefled  by 
Dr.  Halley  is  allowed  to  be  the  moft  perfedf.  It 
was  to  obferve  the  tranfit  or  paffage  of  Venus  over- 
the  fun’s  difc;  a phenomenon  which  happened  in 
the  years  1761  and  1769,  and  by  which  this  dif- 
ficult problem  was  refolved  with  an  accuracy  un- 
iooked  for  by  aftronomers  of  ancient  times. 

Of  tife  Apparent  Motion  of  the  Fixed  Stars, 

OCCASIONED  BY  THE  ABERRATION  OF  LiGIIT. 

The  adronomers  of  the  lafl^ century,  in  their 
endeavours  to  difeover  the  parallax  of  the  fixed 
ftars,  found  annual  variations  in  the  dars,  follow^- 
ing  a law  contrary  to  what  would  have  happened, 
had  it  arifen  merely  from  the  earth’s  dtuation  in 
his  orbit. 

Thefe  variations  threw,  them  into  great  per- 
plexity, from  which  they  were  not  relieved  till  Dr. 
Bradley,  by  applying  himfclf  to  obferve  accurately 
thefe  variations,  at  lad  difcovercd  the  true  caufe* 
thereof;  and  has  given  rules  for  calculating  the 
changes,  and  diewn  what  allowances  are  to  be  made 
inconfequence  thereof,  in  obfervations  of  the  ftars. 
VoL.  IV.  L 
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He  has  alfo  proved  clearly,  that  this  aberration 
of  the  fixed  dars,  or  the  motion  which  makes  them 
appear  to  deferibe  ellipfes  of  40  feconds  diameter, 
arifes  from  the  motion  of  light  combined  W'ith  the 
afinual  motion  of  the  earth. 

This  I fhall  now  endeavour  to  explain,  and 
place  in  as  clear  a point  of  view  as  poflible,  de- 
liring  you  only  to  recoiled;  the  idea  of  decompoli- 
tion  of  forces  into  parallelograms,  as  explained  in 
our  Ledures  on  Mechanics.  Let  i,  pL  15, 

be  a ftar  darting  a ray  of  light,  which  1 diall  confi- 
der  here  as  a dngle  particle  going  from  E to  B. 
Let  AB  be  a fmall  portion  of  the  earth’s  orbit,  of 
20  feconds,  for  example;  and  C B the  fpace  that  the 
ray  of  light  has  pafTcd  through,  while  the  earth 
moved  from  A to  B;  thus  the  particle  was  at  C 
when  the  earth  w'as  at  A,  and  arrives  at  B the  fame 
time  as  the  earth.  Hence  C B and  A B exprefs 
the  velocity  of  light  and  the  earth  during  20  fe- 
conds. 

Draw  C D parallel  to  A B,  and  finifh  the  pa- 
rallelogram DBA;  now  according  to  the  known 
principle  of  the  compolition  and  decompofition  of 
forces,  we  may  conlider  the  velocity  E B of  the 
light,  as  refulting  from  the  two  velocities  in  the 
diredions  CD,  CA;  the  velocity  CD  being  the 
fame  in  quantity  and  diredion  as  the  velocity  A D 
of  the  earth,  cannot  be  perceived,  is  therefore  de-' 
ftroyed  with  refped  to  us;  the  eye  cannot  fee  by  a ray 
moving  in  the  fame  diredion  and  wdth  the  fame  ve- 
locity as  the  eye.  So  that  only  the  part  C A of  the 
velocity  of  the  light  willfubfid  to  us, and  the  ray  will 
come  to  the  eye  in  the  diredion  C A,  and  we  fhall 
perceive  the  Bar  in  the  line  AC,  or  according  toBD 
which  is  parallel  thereto;  the  angle  C BD  is  what 
is  termed  the  aberration  ; it  is  the  quantity  that  a 
ftar  appears  out  of  it’s  true  place,  in  confcquence  of 
the  motion  of  light  and  the  earth. 

Perhaps 
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Perhaps  another  way  of  confiderihg  this  may 
fender  it  more  clear  to  your  apprehenlions.  Sup- 
pofe  a tube  to  be  erected  perpendicular  to  the  ho- 
rizon at  a time  when  it  rains,  the  drops  to  fall  in  a 
perpendicular  diredion,  and  the  tube  to  be  of  fuch 
a diameter  as  to  admit  but  one  drop  at  a rime;  now 
it  is  plain  that  if  a drop  of  water  enter  the  orifice 
of  the  tube,  it  will  fall  dowm  without  touching  the 
lides.  But  if  the  tube  be  moved  along,  ftill  prefer- 
ving  it*s  perpendicular  diredion,  any  drop  that  en- 
ters the  tube  will  ftrike  againft  the  fides3  and  none 
could  pafs  freely  through  while  the  tube  is  in  mo- 
tion, unlcfs  the  tube  has  fuch  a diredion  as  will 
compenfate  the  motion. 

Thus  let  A B,  fig,  2,  pi,  15,  reprefent  the  ho- 
rizon, C D the  perpendicular  tube,  and  G D the 
courfe  of  a drop  of  rain  5 then  if  C D be  moved  to- 
wards A,  while  the  drop  is  falling  within  the  tube,^ 
it  is  evident  that  the  inner  furface  of  the  tube, 
which  is  fituated  towards  B,  wdll  be  carried  as^ainff 
the  drop,  and  prevent  it^s  arriving  at  the  bottom 
without  touching.  But  if  the  inclined  tube  be 
moved  with  a fimilar  motion  to  that  of  the  drop 
from  Eto  D,  in  the  fame  time  that  the  drop  moves 
irom  C to  the  lower  orifice  of  the  tube  and  the 
drop  will  be  found  at  the  fame  inflant  at  D,  and  the 
velocity  of  the  drop  will  be  exprefled  by  CD,  and 
that  of  the  tube  by  E D. 

The  fame  reafoning  holds  good,  if  indead  of 
drops  of  rain  W'e  fuppofe  particles  of  light,  and  a 
telefcope  inftcad  of  a tube.  For  to  an  obferver^ 
who  through  the  tube  C D views  the  vaftly  diftant 
objed  C,  if  the  motion  of  light  be  inftantaneous  or 
infinitely  fwift^  no  finite  motion  of  C it’s  pofition 

being  unaltered,  can  prevent  it^s  being  vifible;  be- 
caufe  by  the  fuppolition  the  light  which  enters  ar 
C,  will  arrive  at  D betore  C D can  have  moved  at  alL 
But  if  light  be  propagated  in  time,  and  the 

L 2 o'bferver 
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obferver  be  carried  by  a motion  fimilar  as  to  acce- 
leration to  that  oflight,  the  tube  mufl:  be  inclined  m 
an  angle,  whofe  line  is  to  the  fine  of  C E D,  as 
the  velocity  of  the  obferver  is  to  the  velocity  of  light. 

By  this  theory,  which  is  efabliflicd  by  nume- 
rous obfervations  of  Ears  of  different  magnitudes 
and  fituations,  it  appears,  that  the  fmall  apparent 
morion  which  the  fixed  liars  have  about  their  real 
places,  which  is  called  their  aberration,  arifes  from 
the  proportion  which  the  velocity  of  the  earth’s 
motion  in  her  orbit  bears  to  that  of  light. 

I his  proportion  is  found  to  be  as  10210  to 
I;  from  w'hence  it  follow’s,  that  light  moves  or 
is  propagated  from  the  fun  to  the  earth,  in  8 fe- 
conds,  i2  thirds. 

This  difeovery  of  the  aberration  of  light  by 
Dr.  Bradley,  is  a dircdl  proof  of  the  motion  of 
•the  earth  in  it’s  orbit.  The  motion  of  light,  com- 
bined with  the  miOtion  of  the  earth,  produces  an 
apparent  difference  in  the  places  of  the  fixed  ffars  ; 
and  as  this  motion  is  found  to  affeff  all  the  flars 
differently,  according  to  their  lituations,  it  fully 
proves  the  truth  of  the  caufe  upon  which  they 
were  fuppofed  to  depend,  and  ffew^s  that  the  Co- 
pernican  fyflem  is  conformable  to  nature  and  the 
order  of  things. 

Of  the  Precession  of  the  Equinoxes. 

The  fars,  which  compofe  the  conffellations, 
are  found  to  increafe  their  longitude  continually. 
The  whole  Harry  firmament  appears  to  have  a How 
motion,  from  weff  to  eaH,  about  the  poles  of  the 
ecliptic,  fo  that  the  conHcllations  feem  to  have 
'deferred  the  places  HrH  appropriated  to  them;  in- 
fomuch  that  the  HrH  Har  in  the  conHellation  of 
•Aries,  which  appeared  in  the  vernal  interfedlion 
of  the  equator  and  ecliptic  in  the  time  of  Meton,. 
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the  Athenian,  upwards  of  1900  years  ago,  is  now 
removed  above  30  degrees  from  that  point;*‘fo  that 
Aries  is  now  where  Taurus  was,  Taurus  where  Ge- 
nini  was,  &c.  The  difeovery  of  this  motion  is 
due  to  Hipparchus  of  Rhodes,  one  of  the  mofl; 
celebrated  allronomers  of  ancient  times. 

Hence  the  conilellatipns  on  the  zodiac  of  a 
celeftial  globe,  do  not  agree  m figure  and  charaHler^ 
the  figns  or  conrtellations  of  the  zodiac  being  to 
the  eafh  of  thofe  figns,  or  arcs  of  the  ecliptic, 
which  are  called  by  the  fame  names  : for  in  order 
to  avoid  confulion,  aftronomers  thought  proper  to 
let  the  feveral  portions  of  the  ecliptic,  where  thofe 
conllellations  were  firft  obferved  to  be,  retain 
their  old  names,  confequently  the  vernal  equinox 
is  dill  confidered  as  the  fird  point  of  Aries. 

The  ipaces  formerly  occupied  by  the  zodiacal 
conflellations,  retaining  their  ancient  names,  arc 
called  anajira,  or  without  their  former  fiars  ,* 
whereas  the  fpaces  they  now  poffefs  are  called 
jiellata. 

This  flow  motion  of  the  ffars  forward,  is  . 
really  caufed  by  a like  flow^  motion  of  the  equi- 
nodtial  points  backwards ; and  this  is  owing  to 
the  revolution  of  the  axis  of  the  equator  about  the 
axis  of  the  ecliptic  ; the  pole  of  the  equator  de- 
feribing  in  the  heavens  a circle  about  the  pole 
of  the  ecliptic. 

By  this  preceflion  of  the  equinodial  points 
from  caft  to  w’cfl,  they  meet  the  fun  everv  year 
50  fcconds  of  longitude  before  a complete  revo- 
lution has  been  made.  The  time,  in  which  the 
fun  appears  to  revolve  from  tropic  to  tropic,  is 
called  a tropic  at  yearj  this  with  the  time  he  has 
yet  further  to  go  to  complete  the  revolutmn, 
namely,  50  feconds,  is  called  the  f derial  year] 
Sir  Ifaac  Newton  attributes  this  morion  to  the 
fpheroidal  figure  of  the  earth,  dcducino-  Irom  this 
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figure  the  revolution  of  the  poles  of  the  world 
round  thofe  of  the  ecliptic. 

Phis  motion  carries  the  liars  about  i degree* 
20  minutes,  53  feconds,  in  1 00  years  ; fo  that  the 
total  revolution  of  the  fixed  ftars  eaffvvard,  back 
to  the  equinoctial  points  again*  will  be  completed 
in  25972  years. 
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LECTURE  XLII. 


Of  Solar  and  Siderial  Days,  of  Mean  Time, 
THE  Eouation  of  Time,  &rc. 


HE  rotation  of  the  earth  about  it’s  axis  being 


uniform,  it  neceflarily  follows,  that  the  ap- 
parent diurnal  revolution  of  the  flars  about  the 
earth  mufi:  be  alfo  uniform,  that  is,  made  in  equal 
times  ; they  therefore  will  form  a very  proper 
meafure  to  denote  time.  But  then  iis  t'lfcy  turn 
fuccelTively  with  a conflant  motion,  one  mu  ft:  be 
feledted,  by  whofe  revolutions  time  may  be  mea- 
fured  ; wc  muft  alfo  fix  a term  from  whence  to 
commence  our  reckoning. 

The  fun  being  the  moft  confpicuous  objed, 
was  fixed  upon  by  the  affronomers  of  early  ag^s, 
as  the  moft  proper  meafure  for  the  parts  of  time. 
But  when  more  accurate  obfervations  were  made, 
the  fun’s  motion  was  found  not  to  be  uniform,  and 
confequently  the  time  meafured  thereby  would  be 
neither  regular  nor  equal  ; they  were  therefore 
obliged  to  find  out  a mean  or  regular  time  for  the 
bafis  of  their  calculations. 

An  ajironomteal  or  folar  day  is  divided  into 
24  hours,  reckoning  them  in  numeral  fuccdlion, 
from  I to  24.  The  firft  twelve  hours  arc  fome- 
times  diftmguiflied  by  the  mark  P M for  after- 
noon, the  other  twelve  are  didinguifhed  by  A M 
for  before  noon.  Aftronomers  generally  reckon 
through  the  24  hours  from  noon  to  noon  ; and  what 
is  by  the  common  way  of  reckonig  called  morning 


hours 
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hours,  is  by  them  reckoned  in  fuccefTion  from 
noon  to  midnight.  Thus  5 o’clock  iir  the  morn- 
mg  of  April  the  loth,  is  by  adronomers  called 
April  9,  17  hours. 

It  the  fun  had  no  other  apparent  motion  but 
that  of  it’s  diurnal  revolution,  it  would  every  day 
deferibe  the  fame  parallel,  and  be  accompanied  by 
the  fame  ftars.  But  it  has  alfo  an  apparent  annual 
motion,  by  which  it  feems  to  be  carried  through 
the  zodiac  every  year,  .from  weft  to  eaft,  that  is,  in 
a diredion  contrary  to  that  of  it’s  diurnal  revolu- 
tion. 

Hence,  if  on  any  day  the  fun  and  a ftar  pafs  the 
meridian  at  the  fame  inftant,  on  the  next  day 
when  the  ftar  returns  to  the  meridian,  the  fun  will 
have  departed  towards  die  weft,  as  much  fpace  as 
in.  that  interval  it  has  pafTcd  over  by  ids  annual 
motion,  and  will  therefore  arrive  at  the  meridian 
fome  moments  after  the  Oar  ; the  day'  following  it 
will  be  ftill  later,  lothat  at  the  end  of  fix  months, 
itpafles  12  hours  after  the  dar,  which  has  therefore 
gained  1 2 hours  on  the  fun;  and  at  the  end  of  the 
year,  the  ftar  wdll  have  palled  366  times  over  the 
meridian,  w'here  the  fun  has  only  pafted  363 
times. 

In  this  view  we  have  conlidered  the  fun’s 
apparent  motion;  the  refult  is  the  fame,  if  yoii 
conftder  the  earth’s  real  motion.  If  indeed  the 
earth  had  no  real  motion,  and  confequently  the  fun 
no  apparent  motion,  the  length  of  a natural  day 
vrould  be  about  23  hours  56  minutes,  for  in  that 
time  a revolution  of  the  earth  is  completed,  as 
appears  by  an  eafy  obferyation;  for  any  fixed  ftar 
that  is  on  the  meridian  at ' a given  hour  of  night, 

V.  ill  after  23'hours  56  minutes,  be  on  the  meridian 
again  the  night  following.  ‘This  interval  of  time 
is. called -a  Jidcrial  day.  - 
/ ' Thu  5. 
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Thus  you  fee  that  there  is  a diftindlion  be- 
tween a folar  day  and  a fiderial  day. 

A folar  or  ajlronomical  day  is  the  fpace  of  time 
|that  intervenes  between  the  fun’s  departing  from 
any  one  meridian,  and  it’s  return  to  the  fame  again. 
The  fiderial  day  is  the  fpace  of  time  that  elapfes 
between  the  departure  of  a liar  from  a given  me- 
ridian, and  it’s  return  to  the  fame  again. 

I lhall  now  endeavour  to  flievv  you,  why  thefc 
days  differ  in  length  ; that  is,  why  the  fun  takes 
up  more  time  to  complete  one  revolution  than  a 
itar. 

This  difference  arifes  from  the  fun's  annual 
motion.  The  fun  docs  not  continue  always  in  the 
fame  place  in  the  heaven,  as  the  fixed  liars  do  : 
but  if  it  is  feen  at  M,  fig.  2,  pL  4,  one  day,  near 
the  fixed  fiar  R,  it  will  have  fhifted  it’s  place  the 
next  day,  and  will  be  near  to  fome  other  fixed  fiar 
L.  - This  motion  of  the  fun  is  from  wefi  to  eafi, 
and  one  entire  revolution  is  completed  in  a year. 
Siippofc,  therefore,  that  the  fun,  when  it  is  at  M, 
near  to  the  fixed  fiar  R,  appears  in  the  fouth  of 
any  particular-  place  vS ; and  then  imagine  the 
earth  to  turn  once  round  upon  it’s  axis  from  weft 
to  eafi,  or  in  the  diredion  S T V W,  fo  that  the 
place  may  be  returned  to  the  fame  fituation  ; after 
this  rotation  is  completed,  the  fiar  R will  be  in 
the  fouth  of  the  place  as  before  ; but  the  fun  hav- 
ing, in  the  mean  time,  moved  eaftw'ards,  -and  be- 
ing near  to  the  fiarL,  or  to  the  eafi  of  R,  will  not 
be  in  the  fouth  of  the  place  S,  but  to  the  eafiw^ard 
of  it : upon  this  account,  the  place  S inufi  move 
on  a little  farther,  and  nuift  come  to  T before  it 
. will  be  even  with  the  fun  again,  or  before  the  fun 
w ill  appear  exactly  in  the  fouth. 

1 his  may  be  illufirated  by  an  infiance.  The 
two  hands  of  a watch  are  clofe  together,  or  even 

with 
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with  one  another  at  twelve  ; they  both  turn  round 
the  fame  way,  but  the  minute  hand  turns  round 
in  a fliorter  time  than  the  hour  hand  ; when  the 
minute  hand  has  completed  one  rotation,  and  is 
come  rou^d  to  twelve,  the  hour  hand  will  be 
before  it,  or  w ill  be  at  one  ; fo  that  the  minute 
hand  mud  move  more  than  once  round,  in  order 
to  overtake  the  hour  hand,  and  be  even  with  it 
again. 

As  this  fubjed  is  of  Tome  importance,  we  fliall 
endeavour  to  render  it  more  clear,  by  placing  it  in 
a different  point  of  view’. 

The  diameter  of  the  carth'^s  orbit  is  but  a phy- 
fical  point,  in  proportion  to  the  didance  of  the 
ffars  ; for  which  reafon,  and  the  earth’s  uniform 
motion  on  it’s  axis,  any  given  meridian  will  re- 
volve from  any  darto  the  fame  dar  again,  in  every 
abfolute  turn  of  the  earth  upon  it’s  axis,  without 
the  lead  perceptible  difference  of  time  being  (hewn 
by  a clock  which  goes  exadly  true. 

If  the  earth  had  only  a diurnal,  without  an 
annual  motion,  any  given  merid’an  would  revolve 
from  the  fun  to  the  fun  again,  in  the  fame  quan- 
tity of  time  as  from  any  dar  to  the  fame  dar 
again  ; becaufe  the  fun  w'ould  never  change  his 
place,  w ith  refped  to  the  dars.  But  as  the  earth 
advances  almod  a degree  cadward  in  it’s  orbit,  in 
the  time  that  it  turns  eadward  round  it’s  axis, 
whatever  dar  paffes  over  the  meridian  on  any  day 
with  the  fun,  will  pafs  over  the  fame  meridian  on 
the  next  day,  when  the  fun  is  almod  a degree 
diortofit,  that  is,  3 min.  56  fcconds  fooner.  If 
the  year  contained  only  360  days,  the  fun-’s  ap-* 
parent  place,  fo  far  as  his  motion  is  equable, 
would  change  a degree  every  day,  and  then  the 
fiderial  days  would  be  jud  four  minutes  Ihorrer 
than  the  folar. 

Let  ABCDEFGH,  ug.  3,  pL  be  th^ 

earth’s 
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earth’s  orbit,  in  which  it  goes  round  the  fun  every 
year,  according  to  the  order  of  the  letters,  that  is, 
from  wed  to  eaff,  and  turns  round  it’s  axis  the 
fame  way,  from  the  fun  to  the  fun  again,  in  every 
twen*'y-tour  hours.  Let  S be  the  fun,  and  R a 
fixed  ftar,  at  fuch  an  immenfe  didance,  that  the 
diameter  G C of  the  earth’s  orbit  bears  no  fenfiblc 
proportion  to  that  diltance ; N m n the  earth  in 
different  points  of  it’s  orbit.  Let  N rn  be  any 
particular  meridian  of  the  earth,  and  N,  a given 
point,  or  place,  lying  under  that  meridian. 

When  the  earth  is  at  A,  the  fun  S hides  the 
{far  R,  whicK  w^ould  always  be  hid  if  the  earth 
never  moved  from  A;  and  confequently  as  the 
earth  turns  round  it’s  axis,  the  point  N would  al- 
ways come  round  to  the  fun  and  the  (far  at  the 
fame  time. 

But  when  the  earth  has  advanced  through  an 
eighth  part  of  it’s  orbit,  or  from  A to  B,  it’s  mo- 
tion round  it’s  axis  will  bring  the  point  N an 
eighth  part  of  a day,  or  three  hours,  fooner  to  the 
Ifar  than  to  the  fun.  For  the  ftar  will  come  to 
the  meridian  in  the  fame  time  as  though  the  earth 
had  continued  in  it’s  former  fituation  at  A,  but 
the  point  N muff  revolve  from  N to'n,  before  it 
can  have  the  fun  upon  it’s  meridian.  The  arc 
N n being  therefore  the  fame  part  of  a whole  cir- 
cle, as  the  arc  A B,  it  is  plain  that  any  ftar  which 
comes  to  the  meridian  at  noon,  with  the  fun,  when 
the  earth  is  at  A,  will  come  to  it  at  nine  o’clock 
in  the  forenoon,  when  the  earth  is  at  B. 

When  the  earth  has  pafled  from  A to  C,  one- 
fourth  part  of  it’s  orbit,  the  point  N will  have  the 
ftar  upon  it  s meridian,  or  at  fix  in  the  morning, 
fix  hours  fooner  than  it  comes  round  to  the  fun  • 
but  the  point  N muft:  revolve  fix  hours  more,  bel 
fore  it  has  mid-day  by  the  fun  : for  now'  the  an- 
gle A S S is  a right  angle,  and  fo  is  N C n ; that  is, 

' the 
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the  earth  has  advanced  90  degrees  on  it’s  axis,  to 
carry  the  point  N from  the  flar  to  the  fun /for 
the  flar  always  comes  to  the  meridian  when  N m 
is  parallel  to  R S A ; becaufe  D S is  but  a point 
in  refped  to  R S.  When  the  earth  is  at  D,  the 
Rar  comes  to  the  mcriiiian  at  three  in  the  morn-, 
ing,  at  E,  the  earth  having  gone  half  round  it’s 
orbit  ; N points  to  the  ftar  at  midnight,  it  being 
then  di redly  oppofite  to  the  fun  ; and,  therefore, 
by  the  earth’s  diurnal  motion,  the  (far  comes  to 
the  meridian  twelve  hours  before  the  fun,  and  then 
goes  on,  till  at  A it  conies  to  the  meridian  with 
the  fun  again. 

Thus  it  is  plain,  that  one  abfolute  revolution 
of  the  earth  on  it’s  axis  (which  is  always  comple- 
ted when  any  particular  fhir  comes  to  be  parallel 
to  it’s  fituation  at  any  time  of  the  day  before)  ne- 
ver brings  the  fame  meridian  round  from  the  fun 
to  the  fun  again;  but  that  the  earth  requires  as 
much  more  than  one  turnon  it’s  axis,  to  hnilh  a 
natural  day,  as  it  has  gone  forward  in  that  time, 
which,  at  a mean  hate,  is  a 365th  part  of  a 
circle,  that  is,  59  minutes,  8 feconds ; for  as. 365 
days  are  to  i day,  fo  arc  360  degrees  to  59  minutes 
8 leconds.  Hence,  111365  days  the  earth  turns  366 
^ times  round  it’s  axis,  and  confequently,  as  one  re- 
volution of  the  earth  on  it’s  axis  completes  a 
fidcrial  day,  there  muR  be  one  more  fiderial  day 
in  a year  than  there  arc  folar  days. 

Of  Mean  and  Apparent  Time. 

I’urther  and  more  accurate  obfervations 
fhewed,  that  the  folar  days  were  not  equal  to  each 
other;  after  invehigacing  this  fubjed't,  ahronomers 
were  under  the  neceffity  of  diftinguifhing  two  forts* 
of  time,  one  they  called  true  and  apparent  ii?nc, 
the  other  m'can  time, 

^'rue 
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^rue  and  apparefit  time  is  determined  by  the 
interval  between  the  fun’s  center  pafiing  the  meri- 
dian, and  that  of  his  next  return  to  the  fame 
meridian.  It  is^  that'  fliewn  by  a fun-dial,  which 
marks  the  hours  every  day  in  fuch  a manner,  that 
every  hour  is  a 24th  part  of  the  time,  between  the 
noon  of  that  day,  and  the  noon  of  the  day  imme- 
diately following. 

' Mean  time  is  that  fhewn  by  a clock,  which 
goes  uniformly. 

The  time  fliewn  by  a fun-dialj  and  the  mean 
time,  or  that  Qiewn  by  a w^ell  regulated  clock, 
agree  only  four  times  in  the  year,  on  the  15th 
of  April,  the  i6th  of  June,  the  31ft  of  Auguft,  and 
the  24th  of  December. 

The  clock,  if  it  goes  equably  and  true  all  the 
year  round,  will  be  before  the  fun  from  the  24th 
of  December  to  the  15th  of  April;  from  that 
time  to  the  i6th  of  June,  the  fun  will  be  before  the 
clock;  from  thence  to  the  3 1 ft  of  Auguft,  the  clock 
will  be  again  before  the  fun,  and  from  the  31ft  of 
Auguft  to  the  24th  of  December,  the  fun  will  be 
faftcr  than  the  clock.  On  any  other  day,  if  you 
would  fet  a clock  by  a fun-dial,  you  muft  make 
ufeofan  equation  table,  which  dicws,  for  every  day 
in  the  year,  how  many  niinutes  or  fcconds  the  fun 
IS  before  or  behind' the  clock;  the  difterence  be- 
tw^een  the  fun  and  the  clock  is  called  the  equation 
of  time. 

Both  the  folar  and  mean  day  are  divided  into 
24  hours,  or  86400  feconds. 

Three  hundred  and  fixty  degrees  of  the  equator 
pafs  under  the  meridian  in  a mean  day  more  59 
minutes,  8 feconds,  which  is  that  part  of  360  de- 
grees of  the  fun’s  annual  motion  correfponding  to 
the  time  of  a mean  dav. 

j 

In  a folar  or  true  day,  the  360  degrees  of  the 
equator  pafs  under  the  meridian  more  an  arc 

thereof 
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thereof  anfwcring  to  the  ecliptic  arc  ’ deferibed 
the  fame  day,  called  the  fun’s  motion  in  right 
afeention. 

When  the  fun  is  furtheft  from  the  earth,  or 
in  apogee,  his  motion  in  right  afcenfion  in  a day, 
is  I degree,  2 minutes,  6 feconds;  therefore  361 
degrees,  2 minutes,  6 feconds,  pafs  the  meridian 
in  a folar  day.  By  working  this  proportion,  as  360 
degrees,  59  minutes,  8 feconds,  is  to  24  hours,  fo 
is  361  degrees,  2 minutes,  6 feconds,  w e find  24 
degrees,  o minutes,  12  feconds.  Confequcntly  when 
the  fun  is  in  apogee,  the  folar  day  is  12  feconds 
longer  than  the  mean  day. — From  hence  it  follows: 

1.  That  in  every  fecond  of  a clock  well  re- 
gulated to  mean  time,  an  arc  of  15  minutes  28 
feconds  of  the  equator  pafles  the  meridian;  for  this 
is  the  quotient  of  360  degrees,  59  minutes,  8 
feconds,  divided  by  86400  feconds. 

2.  That  a ftar’s  revolution  anfwers  to  360 
degrees  of  the  equator,  while  the  mean  day  an- 
fwers to  360  degrees,  59  minutes,  8 feconds.  This 
difference  of  59  minutes,  8 feconds,  being  re- 
duced to  time,  gives  3 minutes,  56  feconds.  There- 
fore the  Bars  anticipate  3 minutes,  56  feconds, 
every  day  on  .mean  time;  or,  which  is  the  fame,  si 
liar’s  diurnal  revolution  is  made  in  23  hours,  56 
minutes,  4 feconds. 

3.  To  find  whether  a clock  be  well  regulated 
to  mean  rime,  obferve  if  it  fhew  exadly  23  hours, 
56  minutes,  4 feconds,  from  the  inllant  of  any 
ftar’s  paffage  through  a fixed  point,  to  that  of  it’s 
return  to  the  fame  point.  By  what  the  clock  ex- 
ceeds this,  it  is  fafler,  by  what  it  wants  thereof, 
it  is  flower  than  mean  time. 

Or  THE  Equation  of  Time. 

I have  already  obferved  to  you,  that  the  cqud^ 
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iion  of  time  is  the  difTcrence  between  mean  and 
apparent  time,  or  that  pointed  out  by  a good 
clock  and  a fun-dial. 

You  will  foon  perceive,  that  there  would  have 
been  no  difference,  and  confequently  no  need  for 
any  equation,  ift,  if  the  earth’s  orbit  was  a per- 
fect circle  with  the  fun  at  the  center;  2dly,  if  the 
earth  had  moved  through  an  equal  part  or  portion 
of  that  circle  every  day  ; and  3dly,  if  the  axis  of 
her  diurnal  motion  was  always  perpendicular  to 
the  plane  of  her  orbit.  But  neither  of  the 
foregoing  fuppofitions  is  true ; for,  i.  the  orbit 
of  the  earth  is  an  ellipfe ; 2.  her  motion  there- 

in is  not  equal;  and  3.  her  axis  is  inclined  to  the 
plane  of  her  orbit : the  meafure  of  time  therefore, 
as  far  as  it  depends  on  thefe  circumdances,  mult 
be  unequal y and  fubjedt  to  an  equation. 

The  equation  of  time  may  then  be  confidered 
as  arifing,  i.  from  the  obliquity  of  the  ecliptic  to 
the  equator;  2.  from  the  unequal  progreflion 
of  the  earth  through  her  elliptic  orbit. 

Of  the  firjl  caufe  of  inequality,  or  that  drifing 
from  the  obliquity  of  the  earth  to  the  ecliptic. 

^ The  motion  of  the  earth  on  it’s  axis  is  perfedly 
equable,  or  always  at  the  fame  rate;  and  the  plane 
of  the  equator  being  perpendicular  to  it’s  axis,  it 
is  evident,  that  in  equal  times,  equal  portions  of 
the  equator  w’ould  pafs  over  the  meridian  ; and  fo 
alfo  would  equal  portions  of  the  ecliptic,  if  it 
were  either  parallel  to,  or  coincident  with  the' 
equator. 

But  as  the  ecliptic  is  oblique  to  the  equator, 
the  equable  motion  of  the  earth  carries  unequal  porl 
tions  of  the  ecliptic  over  the  meridian  in  equal 
times,  the  difference  being  proportionate  to  the 
obliquity;  and  as  fome  parts  of  the  ccliptfc  are 
more  oblique  than  others,  thofe  diifcrences  are 
unequal  among  themfelves.  If,  therefore,  we  fhould 
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fuppofc  two  funs  to  ftart  from  the  beginning  either 
of  Aries  or  Libra,  and  continue  to  move  throucrh 
equal  arcs  in  equal  times,  one  in  the  equator,  the 
other  in  the  ecliptic,  the  equatorial  fun  would  aU 
^ ways  return  to  the  meridian  in  24  hours  time  as 
meafured  by  a good  clock,  but  the  fun  in  the 
ecliptic  would  return  to  the  meridian  fometimes 
fooner,  fometimes  later,  than  the  equatorial  fun, 
and  only  the  fame  inflant  with  him  four  days  in 
the  year. 

To  render  this  plainer,  we  will  have  recourfc 
to  a diagram,  4,  p/.  4.  This  figure  isgo  be 
confidered  as  a view  of  part  of  the  concave  fphere 
of  the  heaven,  wherein  D E reprefents  a part  of 
the  celeftial  equator,  F G a part  of  the  ecliptic, 
A the  interfedlion  of  the  two  circles  at  the  vernal 
equinox,  A B a degree  upon  the  equator.  If  we  ima- 
gine the,  plane  of  the  meridian  to  pafs  from  the 
fituation  M M,  into  the  fituation  N N,  in  going 
through  the  arc  A B,  one  degree  of  the  equator, 
it  will  alfo  go  through  the  arc  AG  more  than  one 
degree  of  the  ecliptic.  For  in  the  triangle  A B G, 
the  angle  at  B is  a right  one,  confequently  the 
hypothenufe  A C is  the  longed  fide. 

At  the  foJjlices  the  obliquity  of  the  ecliptic 
has' a contrary  dfecd,  and  helps  to  lengthen  the 
natural  days  : this  will  be  ealily  comprehended  by 
^ viewing  the  dragram,  fig.  5,  pi.  4,  where  T T is 
part  of  the  tropic  of  Capricorn,  C D part  of  the 
ecliptic,  which  may  be  confidered  as  coincident, 
w ith  the  tropic  for  fome  didance  on  each  lide  of 
the  folditial  point,  as  from  A to  B;  and  there- 
fore meridians,  which  are  perpendicular  to  the 
tropics,  may  be  confidered  for  that  fpace  as  per- 
pendicular to  the  ecliptic.  This  being  fuppofed,  a 
meridian,  in  going  Irom  A towards  B,  will  go 
through  as  large  an  arc  in  the  tropic  as  the  eclip- 
tic : but  the  tropic  not  being  a great  circle,  any 
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arc,  as  ab,  taken  in  both  thcfe  circles,  Avill  mcafure 
more  minutes  in  the  tropic  than  in  the  ecliptic, 
and  that  in  the  ratio  as  the  ecliptic  exceeds  the 
tropic  in  dimenhons:  now  the  circumference  of 
the  ecliptic  is  to  that  of  the  tropic,  nearly  as  6o 
to  55  ; and  therefore  the  arc  a b,  of  5^5  minutes 
in  the  ecliptic,  will  be  60  minutes  in  the  tropic. 
But  every  meridian  palfes  in  the  fame  time  through 
iimilar  arcs  in  the  celeftial  equator,  and  all  cir- 
cles parallel  to  the  equator,  as  the  tropic’s, arc  : 
confequently  at  the  foHlices  every  arc  of  the 
ecliptic  pafTed  through  by  any  meridian  in  a 
given  time,  will  be  to  the  arc  of  the  equator  paf- 
led  through  in  the  fame  time,  as  55  to  60. 

The  fecond  cauje  of  the  difference  in  the  time 
fliewn  by  a well  regulated  clock,  and  a true  fun- 
dial,  arifes  from  the  inequality  of  the  fun’s  appa— 
lent  motion,  which  is  JloweJi  in  fummeVy  w’hen  the 
fun  hfarthefl  from  the  earth,  2aid/Lvifteft  in  the  w/V/- 
/cr,  when  he  is  neareft  thereto  ; whereas  the  earth’s 
motion  on  it  s axis  is  equable  all  the  year  round. 

It  the  fun’s  apparent  motion  in  the  ecliptic 
were  equable,  the  whole  dilierence  between  the 
equal  time  as  ihewn  by  the  clock,  and  the  unequal 
time  as  llievvn  by  the  fun,  would  arife  from  the  ob- 
liquity of  the  ecliptic.  But  this  is  not  the  cafe 
for  the  fun’s  motion  fometimes  exceeds  a deme  in 
24  hours,  though  it  is-generally  lefs.  And  when 
his  motion  is  flowed,  any  particular  meridian  will 
return  and  revolve  fooncr  to  him  than  when  his  mo- 
tion is  quickeft,  lor  it  will  overtake  him  in  lefs 
time  when  he  advances  through  a lefs  fpace,  than 
when  he  moves  through  a lanrer. 

On  the  firft  of  Janiiaryr  the  daiiv  motion  of 
the  fun  in  the  ecliptic  is  nearly  i degree,  i minute 
13  feconds;  but  on  the  firll  of  July:  the  daily  mol 
ion  is  57  minutes,  13  feconds  ; the  medium  of  thefc' 
IS  59  minutes,  13  feconds.  I'he  fun’s  place  in  the 
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ecliptic,  calculated  on  the  fuppolition  of  a daily 
motion  of  59  minutes,  13  feconds,  will  be  behind 
his  obferved  place  from  the  beginning  of  January 
to  the  beginning  of  July,  and  will  be  before  it  from 
the  beginning  of  July  to  the  beginning  of  January; 
the  greateft  difference  is  about  i degree,  55  mi- 
nutes, 32  feconds,  which  is  obferved  about  the  be- 
ginning of  April  and  Odlober,  at  which  time  the 
obferved  daily  motion  is  59  minutes,  13  feconds. 

It  is  necefTary  for  an  aflronomerto  know  both 
true  and  mean  time ; the  firif,  to  afeertain  the  time 
of  obfervation ; the  fecond,  becaufe  the  tables  of 
the  platiets,  &c.  are  calculated  in  conformity 
thereto. 

The  relation  between  true  and  mean  time,  is 
difeovered  by  obferving  the  time  marked  by  your 
clock,  at  the  inftant  when  the  center  of  the  fun 
palfes  the  meridian,  and  adding  what  it  wants  of 
12  hours,  or  fubtracling  the  excefs  above  it. 

It  is  obtained  for  any  other  hour  befides  12, 
by  taking  from  the  difference  between  the  time  it 
has  palled  on  two  fubfequent  days,  the  part  propor- 
tional to  the  hour  you  are  fecking. 

Example : March  3,  when  the  fun’s  center 
paired  the  meridian,  the  clock  was  12  hours,  17 
minutes,  49  feconds;  the  clock  was  therefore  17 
minutes,  49  feconds,  faller  than  true  or  apparent 
time. 

On  the  4th  of  March,  it  was  r2  hours,  17  mi- 
nutes, 42^  feconds  ; the  difterence  is  6i  feconds,  or 
about  -4-  of  a fccond  per  hour.  Now  on  the  3rd, 
the  planet  Mars  palTed  the  meridian  at  14  hours,  2y 
minutes,  32  feconds  ; the  pendulum  was  3^  feconds 
more  advanced  than  at  noon,  which  gives  it’s  ad- 
vance for  that  hour,  17  minutes,  45 1 feconds* 
which  fubtraded  from  14  hours,  27  minutes,  32  fe- 
conds, gives  14  hours,  9 minutes,  feconds,  lor 
tl*e  true  or  apparent  time  of  the  rraafit  of  Mars. 

From 
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From  what  I have  now  explained  to  you,  it 
appears  that  there  is  no  body  in  nature,  whofe  mo- 
tion is  pcrfedly  uniform  and  regular;  that  when- 
ever we  look  for  commenjurabilities  and  equalities  in' 
nature,  we  are  always  difappointed.  The  earth  is 
fpherical,  but  not  perfedly  fo ; the  fummeris  un- 
equal when  compared  with  the  winter;  the  ecliptic 
difagrees  with  the  equator,  and  never  cuts  it  twice 
in  the  fame  equinodial  point ; the  orbit  of  the 
earth  has  an  eccentricity,  more  than  double  in 
proportion  to  the  fpheroidity  of  it’s  globe;  no 
number  of  the  revolutions  of  the  moon  coincide 
with  any  number  of  the  revolutions  of  the  earth  in 
it’s  orbit ; no  two  of  the  planets  meafure  one  ano- 
ther; and  thus  it  is  wherever  we  turn  our  thoughts, 
fo  different  are  the  views  of  the  creator  from 
our  narrow  conception  of  things;  where  we  look 
for  commenfuratioHy  we  find  variety  and  infinity  * 

It  is  fcarce  poffible  to  refrain  here  from  join- 
ing with  an  elegant  moralifl  in  obferving,  that  all 
the  appearances  of  nature  uniformly  confpire  to 
remind  us  of  the  lapfe  of  time,  and  the  flux  of  life. 
The  day  and  night  fucceed  each  ether,  the  rotation 
of  the  feafons  diverfifies  the  year,  the  fun  attains 
the  meridian,  declines  and  fets,  and  the  moon  every 
night  changes  it’s  form. 

The  day  may  be  confidered  as  an  image  of  the 
year,  and  a year  as  the  reprefentation  of  life.  The 
morning  anfwers  to  the  fpring,  and  the  fpring  to 
childhood  and  youth  ; the  noon  correfponds  to  the 
fummer,  and  the  fummer  to  the  firength  of  man  . 
hood;  the  evening  is  an  emblem  of  autumn,  and 
autumn  of  declining  life.  The  night,  with  it’s  fi- 
lenceand  darknefs,  ihews  the  winter,  in  which  all 
the  powers  of  vegetation  are  benumbed;  and  the 
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winter  points  out  the  time  when  life  iliall  ceafe, 
with  it’s  hopes  and  pleafurcs. 

He  that  is  carried  forward,  however  fwiftly, 
by  a motion  equable  and  eafy,  perceives  not  the 
change  of  place,  but  by  the  variation  of  obje6i;s. 
If  the  wheel  of  life,  which  rolls  thus  lilently  along, 
pafled  on  through  undiftingui {liable  uniformity,  we 
fhould  never  mark  it’s  approaches  to  the  end  of 
the  courfe.  If  one  hour  w ere  like  another  ; if  the 
paflages  of  the  fun  did  not  (hew  it’s  wafting  ; if 
the  change  of  feafons  did  not  imprefs  upon  us  the 
flight  of  the  year;  quantities  of  duration,  equal  to 
days  and  years,  W'ould  glide  away  unobferved.  If 
the  parts  of  time  were  not  varioufly  coloured,  we 
Ihould  never  difeern  their  departure  or  fucceflion  ; 
but  fhould  live  thoughtlefs  of  the  paft,  and  carelefs 
of  the  future,  without  will,  and  perhaps  without 
power,  to  compare  the  time  which  is  already  loft, 
with  that  which  may  probably  remain. 
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LECTURE  XLIIL 


On  the  Planetarium,  Tellurian,  and 

Lunarium, 


TO  reprefent  by  machines  the  motions  and  va- 
rious afpeds  of  the  heavenly  bodies,  the 
parallelifm  of  the  earth’s  axis,  together  with 
it’s  annual  and  diurnal  motions,  and  by  this  means 
to  explain  the'  beautiful  variety  of  feafons  and 
other  terrchrial  and  celehial  phenomena,  has  ever 
been  confidered  as  one  of  the  nobleft  efforts  of 
mechanical  genius.  Among  the  variety  of  ma- 
chines contrived  for  thefe  purpofes,  that  before 

fA?"*  is  the  beft  adapted  for  repre- 

fenting  the  celeftial  motions. 

It  feems  highly  probable,  that  the  ancients 
were  not  unacquainted  with  planetary  machines 
but  that  the  fame  powers  of  genius  Avhich  led 
them  to  contemplate  and  reafon  upon  the  heavenly 
bodies,  induced  them  to  realize  their  ideas,  and 
form  inftruments  for  explaining  them;  and  we  may 
fairly  prefume,  thefe  were  carried  to  no  fmall  de- 
gree of  perfehlion,  when  we  confider  that  of  one 
Archimedes  was  the  maker,  and  Cicero  the  cn- 
comieft. 

A planetarium  maybe  confidered  in  fomc  fort 
as  a diametrical  fedion  of  our  iiniverfc,  i;i  which 
the  upper  and  lower  hemifpheres  are  Aipprcired 
The  upper  plate  is  to  anfwer  for  the  eclipiic  , 
on  this  are  placed,  in  two  oppofitc,  but  corre- 
fponding  circles,  the  days  of  the  month,  and  the 
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figns  of  the  ecliptic,  with  their  refpedtive  cha- 
racters; by  this  plate  you  may  fet  the  planetary 
balls  fo  as  to  be  in  their-  refpeclive  places  in  the 
ecliptic,  for  any  day  in  the  year. 

Through  the  center  of  this  plate,  you  ob- 
ferve  a ftrong  ftem,  on  which  is  a brafs  ball  to  re- 
prefent  the  Jun  ; round  the  ftem  are  different  foc- 
kets  to  carry  the  arms,  by  which  the  fevcral  planets 
are  fupported.  The  planets  are  reprefented  by 
ivory  balls,  having  the  hemifphere  which  is  next 
the  fun  white,  the  other  black,  to  exhibit  their 
refpeClive  phafes.  I can  with  eafe  either  take  off, 
or  put  on,  any  of  the  planets,  as  occalion  may  re- 
quire. About  the  primary  planets  are  placed  the 
fecondary  planets  or  moons,  which  are  in  this  in- 
ilrument  only  moveable  by  the  hand. 

I turn  the  handle,  and  all  the  planets  arc  put 
in  motion,  moving  round  that  ball  which  repre- 
fents  the  fun.  Now  if  you  take  the  earth’s  motion 
as  a handaid,  they  move  with  the  fame  relative 
velocities  and  periodical  times  that  they  have  in 
the  heavens.  1 fcarcely  need  obferve,  that  it  is 
impolTible  to  give  an  idea  of  the  proportion  and 
diftances  of  the  planets  in  the  compafs  of  an  in- 
ffrument  fo  fmall  as  that  before  >ou,  or  indeed  of 
any  inlfrument  whaefoever. 

The  motions  are  carried  on  by  a train  of 
wheel-work  concealed  in  the  box  under  the  eclip- 
tic. 

f 

General  Explanation  of  the  Solar  System, 
BY  THE  Planetarium. 

As  the  center  of  the  folar  fyflem  is  the  only 
place  from  which  the  motion  of  the  planers  can 
be  truly  fecn,  let  us  fuppofe  ourfelves  fituated  at 
the  center  of  the  ball  reprefenting  the  fun.  In  this 
fituation  the  heavens  would  appear  pcrfedlly  fpheri- 
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cal,  the  liars  being  fo  many  lucid  points  in  the 
. concave  furface  of  the  fphcre. 

Having  attentively  confidered  the  flars  for  a 
Jong  time,  you  will  remark  two  forts,  the  one  feat- 
tered  throughout  the  heavens  unequally  luminous, 
perfectly  at  red,  and  therefore  called  fixed  jlars  ,* 
the  other  fort  moving  round  the  fun  with  unequal 
velocities,  called  planets.  By  taking  one  of  the 
fixed  flars  for  a point  to  fet  out  from,  or  for 
this  purpofe  in  our  inflrument,  ufing  any  of  the 
points  into  which  the  ecliptic  is  divided,  it  will 
be  eafy  to  determine  the  motions  of  the  planets. 

Thus  by  obferving  the  earth  as  1 turn  the 
winch,  you  may  perceive  that  it  continually  ap- 
proaches nearer  and  nearer  to  the  more  eaflern 
figns  ; in  a certain  fpace  of  time,  it  will  return  to 
the  place  from  whence  it  fet  out. 

Thus  you  fee  how  readily  the  periods  of  the 
planets  revolutions  may  be  obtained,  by  obferving 
the  time  that  elapfes  between  their  fetting  out 
from  any  fixed  point,  and  returning  to  the  fame 
again.  The  annual  motion  of  the  earth  is  the 
bafis  or  dandard,  to  which  the  motions  of  the  other 
j[jranets  are  compared  ; and  this  is  one  of  the  rea- 
ibns,  why  the  months  and  days  of  our  months  are 
engraved  on  the  ecliptic  circle  of  the  planeta- 
rium. 

The  curves  which  the  planets  deferibe  in  their 
revolutions,  are  what  are  called  their  orbits, 

. If  the  paths  of  the  planets  were  in  one  place, 

. as  in  this  indrument,  they  would  all  be  referred  to 
one  circle  in  the  heavens  ; but  this  is  not  the  cafe, 
for  their  paths  crofs  each  other  in  different  parts 
of  the  heavens. 

When  you  condder  the  motions  of  the  little 
fydem  before  you,  while  you  arc  fuppofed  to  view 
it  from  the  fun,  all  is  regular  ; but  when  you  view 
it  from  the  earth,  many  of  the  appearances  become 
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intricate  and  perplexed.  When  the  works  of  Go» 
are  examined  from  a proper  point,  there  is  nothinjr 
but  umformity,  beauty,  and  precifion,  and  the  hca 
yens  prefent  you  with  a plan  inexpreffibly  rna^r. 
nihccnt,  and  yet  regular  beyond  the  power  of  in- 
vention. When  properly  examined  and  looked 
into,  you  will  always  find  the  volume  of  the  uni- 
verfe  as  perfedl  as  it’s  author,  containing  mines  of 
truth  for  ever  opening,  fountains  of  good  for  ever 
flowing,  being  an  endlefs  fuccelTion  of  brierhter 
and  (fill  brighter  exhibitions  of  the  glorious  god- 
head,  always  anfwering  the  nature  and  idea  of  in- 
finite fulnels  and  perfeclion. 

In  the  center  of  the  fylfem  is  the  fun,  placed 
in  tne  heavens  by  that  Almighty  Powen  who  faid. 
Let  theie  be  light,  and  there  w-as  lierht,” 
to  be  the  fountain  of  light  and  heat  to  alt  the 
planets  revolving  round  him.  In  this  machine, 
his  fituation  is  pointed  out  by  this  brafs  ball. 

^ T- he  ncaielf  planet  to  the  fun  is  Mevcnyy ; 
obiervc  the  part  of  the  ecliptic  he  is  at,  and 
alfo  the  place  where  the  earth  is  fituated.  1 now 
turn  the  handle,  Mercuiy  is  arrived  at  the  place 
from  w hence  he  fet  out,  and  our  earth  has  gone 
over  88  days  of  the  ecliptic  ; the  Velocity  we  here 
give  the  planet  is  inconliderabie,  but  in  Ids  courfe 
in  the  netivcns  he  is  luppofed  to  mo\'e  with  a ve- 
locity ec|ual  to  100,000  miles  in  an  hour. 

Venus  is  the  next  planet  in  the  fydem  ; in  the 
heavens  ihc  is  diffinguilhed  by  the  fuperiority  of 
her  lulfre,  appearing  to  us  the  brightelf  and  largelt 
oi  all  the  planets.  I3y  obferving  her  courle  throiiorh 
the  ecliptic,  and  comparing  it  with  the  days  palled 
over  by  the  earth  at  the  dime  time,  you  will  find  in 
our  inltrument,  Venus  revolving  round  the  fun  in 
225  days  ; in  the  heavens  die  moves  at  the  rate  of 
i>c,955  ndles  in  an  hour. 

I he  third  planet  in  the  folar  fyffem  is  the 
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Earth  ; diminutive  as  it  appears  before  you  in  this 
indrument,  it’s  real  diameter  is  near  8000  miles  ; 
it  revolves  round  the  fun  in  the  fpace  of  365  days, 
into  which  number  the  brazen  ecliptic  is  divided  ; 
this  revolution  conftitutes  our  year,  while  it’s 
revolution  round  it’s  axis  forms  day  and  night. 

The  little  ball  clofe  and  annexed  to  the  earth, 
reprefents  the  Mooriy  of  w hich  I f^.all  fay  nothing 
at  prefent,  as  there  is  a part  of  the  indrument  for 
explaining  more  particularly  her  phenomena. 

The  planet  Mars  is  next  in  order,  being  the 
firfl  above  the  earth’s  orbit ; he  revolves  round  the 
fun  in  about  686  days ; fo  that  our  earth,  as  you  will 
obferve  by  the  inftrument,  goes  nearly  tw  ice  round, 
while  he  is  performing  his  revolution  ; he  is  fup- 
pofed  to  moveat  the  rate  of  55,783  miles  an  hour. 
To  this  planet  cur  earth  and  moon  will  appear  like 
two  moons,  fometimes  half  or  three  quarters  illu- 
ndnated,-but  never  full. 

Jupiter y the  largeft  of  all  the  planets,  is  next 
beyond  Mars  ; and  our  earth  muft  have  gone 
nearly  12  times  round  the  ecliptic  for  one  revo- 
lution of  Jupiter  ; yet  fo  far  is  it’s  path  removed 
from  the  fun,  that  to  go  round  it  in  this  fpace  of 
time,  it  moves  at  the  rate  of  30,193  miles  an  hour. 
Though  larger  than  the  earth,  it  appears  but  fmall 
in  the  heavens,  becaufe,  as  you  know',  objedts  de— 
creafe  iii  their  apparent  magnitude  in  proportion 
to  their  real  dillance.  It  is  attended  with  4 fatel- 
lites,  here  reprefented  by  thefe  4 balls  ; they  arc 
invifible  to  the  naked  eye,  but  appear  beautiful 
through  a telefcope. 

Saiiirny  the  next  planet,  is  (till  higher  in  the 
fyflem,  performing  it’s  circuit  in  about  thirty 
years  of  our  time  ; fo  that  in  this  inflrurnent  it’s 
motion  is  fcarcely  fcnfible,  while  in  the  heavens 
It  goes  at  the  rate  ot  22,298  miles  an  hour.  It  is 
accompanied  by  five  fatcilites,  and  a large  lumi- 
nous. 
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nous  ring,  here  reprefented  by  this  ivory  circle, 
and  which  is  one  of  the  moft  curious  phenomena  of 
nature. 

The  Georgium  SiduSy  or  Georgian  planet,  fo 
called  in  compliment  to  his  Majefty  King  George 
the  III.  (the  Royal  patron  and  promoter  of  the 
arts,  and  fciences)  is  the  feventh  planet  in  our 
fylfem  ; it  is  near  twice  the  diftance  of  Saturn 
from  the  fun,  round  which  it  revolves  in  about 
8o  years. 

^0  explairiy  by  the  planetariumy  why  the  Juny  being 
a fixed  bodyy  appears  to  paj's  through  all  the  Jigns 
of  the  zodiac  in  twelve  monthsy  or  one  year. 
It  will  few  that  this  phenomenon  is  occafioned  by 
the  annual  motion  of  the  earth, 

. As  the  general  phenomena  of  the  planetary 
fyfleni  will  be  the  beft  underhood  by  an  induction 
of  particulars,  I fhall  remove  all  the  planets  but 
thofe  whofe  motion  I am  going  to  explain  ; for 
inlfance,  I (hall  leave  only  the  earth  and  fun,  and 
place  the  earth  over  LibrUy  and  it  is  plain  that 
the  fun  will  then  be  transferred  by  the  eye  of  a 
fpedlator  on  the  earth  to  ArieSy  in  which  fign  it 
will  appear  at  the  latter  end  of  March  : move  the 
earth  on  in  it’s  orbit  to  Capricornus,  and  the  fun 
will  appear  at  Cancer  in  June,  feeming  to  have 
moved  from  T to  53,  though  it  has  not  Ifirred,  the 
real  motion  of  the  earth  having  caufed  thefpeda- 
tor  to  transfer  the  fun  to  all  the  intermediate  points 
in  the  heavens,  and  thus  given  it  an  apparent  mo- 
tion. Continue  to  move  the  earth  till  it  arrives  at 
Aries,  and  the  fun  will  be  feen  in  Libra  in  the 
month  of  September  : moving  the  earth  on  to 
Cancer,  the  vifual  ray  of  the  fpe^lator  refers  the 
fun  to  Capricorn,  as  it  appears  in  the  month  of 
December.  Daftly,  continue  moving  the  earth, 
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iind  it  will  arrive  at  Aries,  where  we  fet  out.  Thus 
I have  (hewn,  that  it  is  the  motion  of  the  earth 
which  caufes  the  fun  to  appear  in  all  the  different 
ligns  of  the  zodiac.  Cudom,  indeed,  has  taught 
ustofay  the  fun  is  in  Aries  ^ when  it  is  between  us 
and  Aries,  and  fo  of  any  other  fign  ; whereas  it 
would  have  been  more  proper  to  fay,  that  the 
earth  is  in  Libra. 

To  Jhew  zvhy  at  different  times  of  the  year  zve  fee 
the  heavens  decorated  with  an  entire  different 
colie  5i  ion  of  far  s. 

This  phenomenon  is  occafioned  by  the  earth’s 
progreffive  or  annual  motion : while  the  earth  is 
travcrling  it’s  courfe  under  the  vaft  concave  of 
fixed  ffars,  we  are  gradually  carried  under  the  dif- 
ferent conffellations.  From  hence  it  is  evident, 
that  at  night  when  the  earth  is  turned  from  ,the 
fun,  we  fhall  in  fucccffion  have  the  opportunity  of 
viewing  from  time  to  time  all  the  ffars  in  the  zo- 
diac, and  confequently  a different  conffellacion 
will  prefent  itfelf  every  month. 

Thus,  the  Pleiades  are  not  viffble  in  thefum- 
mer;  but  in  the  winter  the  earth  is  got  between 
the  fun  and  them.  Thcfe  ffars  are  obfcrvable  at 
night,  becaufe  they  are  not  intercepted  from  our 
fight  by  the  fun’s  rays  ; and  in  this  manner  they 
appear  during  the  w hole  winter,  only  they  feem  to 
get  more  wefterly  every  night,  as  the  earth  moves 
gradually  by  them  to  theeaff.  To  make  this  ffill 
more  clear,  place  the  earth  in  the  planetarium 
between  the  fun  and  any  of  the  figns,  that  fide 
towards  the  fun  will  be  day,  and  that  towards  the 
fign  night : it  follows,  that  at  night  w^e  are  turned 
towards  the  liars,  which  in  that  ffgn  (fuppofe,  as 
before,  the  Pleiades  in  Taurus)  will  then  be  con- 
fpicuous  to  us  ; but  as  the  fpring  approaches,  the 

earth 
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earth  withdraws  itfelf  from  between  the  fun  and 
the  Pleiades,  till  at  length  the  earth,  by  it’s  pro- 
greffive  motion,  gets  the  fun  between  it  and  the 
itars,  hich  then  lie  hid  behind  the  lolar  rays  i 
alter  the  fame  manner,  w'hiie  the  earth  performs 
it’s  annual  tracd:,  the  fun,  w'hich  always  feems  to 
move  the  contrary  way,  darkens,  by  his  fplendor, 
the  other  conflellations,  fucceffively ; but  the  (iars 
oppofite  to  thofe  hid  by  the  fun,  are  at  night  pre- 
f^nted  to  our  view. 

General  Phenomena  of  the  Planets. 

1 fliall  now'  place  the  earth.  Mars,  and  Venus,, 
on  the  planetarium,  and  as  each  planet  moves 
with  a different  degree  of  velocity,  they  are  con- 
tinually changing  their  relative  pofitions.  Thus 
Oil  turning  the  handle  of  the  machine,  you  find,  ill, 
that  the  earth  moves  twdee  as  faff  as  Mars,  mak- 
ing two  revolutions  while  he  makes  one;  and  Vc- 
jcus,  on  the  other  hand,  moves  much  fafter  than 
the  earth.  Secondly,  that  in  each  revolution  of 
xhe  earth  thefe  planets  continually  change  their 
jekitive  pofitions,  correfponding  fometimes  ivith 
fame  point  of  the  ecliptic,  but  much  oftener 
different  points. 

explain  the  conjunniony  oppofitiorty  clon^ation^ 
and  other  phenomena  of  the  inferior  planet s» 


\ve  may  now  proceed  to  make  feme  obfer- 
vations  on  the  rnoDons  of  Venus,  as  obferved  in 
the  planetarium.  It  coniidcred  as  viewed  from 
the  fun,  we  fhall  find  that  Venus  would  appear 
at  one  time  nearer  to  the  earth  than  at  another; 
that  fomctiHica  flie  would  appear  in  the  fame  part 
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of  the  heavens,  and  at  others  in  oppofite  parts 
thereof. 

As  the  planets,  when  fecn  from  the  fun, 
change  their  pofition  with  rclpedl  to  the  earth, 
fo  do  they  alfo,  when  feen  from  the  earth,  change 
their  pofition  with  refpect  to  the  fun,  being  fome- 
times  nearer  to,  at  others  farther  from,  and  at 
times  in  conjunclion  with  him. 

But  the  conjun<fHons  of  Venus  or  Mercury, 
leen  from  the  earth,  not  only  happen  when  they 
are  feen  together  from  the  fun,  but  alfo  when 
they  appear  to  be  in  oppofition  to  the  folar  fpec- 
tator.  To  iliullrate  this,  bring  the  earth  and  Ve- 
nus^ to  the  hrfl  point  of  Capricon ; then  by  ap- 
plying a ftring  from  the  fun  over  Venus  and  the 
earth,  you  will  find  them  to  be  in  conjundion, 
or  on  the  fame  point  of  the  ecliptic. 

Whereas  if  you  turn  the  handle  till  the  fun  is 
between  Venus  and  the  earth,  a fpedator  in  the 
fun  will  fee  Venus  and  the  earth  in  oppofition; 
but  an  inhabitant  of  the  earth  will  fee  Venus  not 
in  oppofition  to  the  fun,  but  in  conjundtion  with 
him. 

In  the  firft  conjundion  Venus  is  between  the 
fun  and  earth  j this  is  called  the  inferior  conjunc- 
tion. In  the  fecond,  the  fun  is  fitiiated  between 
the  earth  and  Venus;  this  is  called  the  fuperior 
conjunefio?!. 

After  cither  of  thefe  conjundions,  Venus  will 
be  feen  to  recede  daily  from  the  fun,  but  never 
departing  beyond  certain  bounds,  never  appear- 
ing oppohte  to  the  fun;  and  when  fhe  is  feen  at 
the  greateft  difiance  from  him,  a line- ioininp- 
her  center  with  the  center  of  the  earth,  will  be 
a tangent  to  the  orbit  of  Venus. 

lo  illufiratc  this,  I rake  off  the  fun  from  it’s 
fupj^it,  and  the  bail  of  V^enus  from  it’s  fupport- 
ing  fiem,  and  place  this  wire,  (Ji^,  2,  pL  ii,)  fa 

chat 
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that  one  part  P rnay  be  on  the  ftem  that  Tupports 
the  earthy  and  a limilar  Tockct  3,}  on  the  pin 
which  fupports  the  ball  of  Venus ; the  wire  (F)  is 
to  lie  in  a notch  at  the  top  of  the  focket,  which 
has  been  put  upon  the  fupporting  ftem  of  Venus: 
then  will  the  wire  reprefent  a vifual  ray  going 
frona  an  inhabitant  of  the  earth  to  Venus.  Bf 
turning  the  handle,  you  will  now  find  that  the 
planet  never  departs  further  than  certain  limits 
from  the  fun,  which  are  called  it’s  greateft  elon- 
gations, when  the  wire  becomes  a tangent  to  the 
orbit ; after  which,  it  approaches  the  fun,  till  it 
arrives  at  either  the  inferior  or  fuperior  conjunc- 
tion. 

It  is  alfo  evident  from  the  infirument,  that 
Venus,  from  her  fuperior  conjundtion,  when  fhe 
is  furtheft  from  the  earth,  to  the  time  of  her 
inferior  conjundlion,  when  ihe  is  neareft,  fets  later 
than  the  fun,  is  feen  after  fun-fet,  and  is,  as  it 
were,  the  forerunner  of  night  and  darknefs.  But 
from  the  inferior  conjunction,  till  Die  comes  to 
the  fuperior  one,  fhe  is  always  feen  wellward  of 
the  fun,  and  muft  confe^cnily  fet  before  him  in 
the  evening,  and  rife  before  him  in  the  morning, 

' foretelling  that  light  and  day  are  at  hand. 

Bring  Venus  and  the  earth  to  the  beginning 
of  Aries,  when  they  will  be  in  conjundion;  and 
turn  the  handle  for  nearly  225  days,  and  as  Venus 
moves  fafler  than  the  eartli,  fine  will  arrive  at 
Aries,  and  have  finiflied  her  courfe,  but  will  not 
have  overtaken  the  earth,  who  has  moved  on  in 
the  mean  time  ; and  Venus  muft  go  on  for  fome 
time,  in  order  to  overtake  her.  Therefore,  if 
Venus  fhould  be  this  day  in  conjundlioii  with  the 
fun,  in  the  inferior  part  of  her  orbit,  fiie  will  not 
come  again  to  the  fame  conjunction  till  after  i 
year,  7 months,  and  i 2 days. 

It  is  plain,  by  infpedtion  of  the  planetarium, 

that 
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that  though  Venus  does  always  keep  nearly  at  the 
fame  diflance  from  the  fun,  yet  fhe  is  continually 
changing  her  diflance  from  the  earth  ; her  diflance 
is  greatefl  when  flie  is  in  her  fuperior,  and  lead: 
when  file  is  in  her  inferior  conjunction. 


To  explain  the  phafes^  -the  retrograde y dire 51  y and 
[iationary  Jit  nations  of  the  planets. 


As  Venus  is  an  opake  globe,  and  only  fhines 
by  the  light  flie  receives  from  the  fun,  that  face 
which  is  turned  towards  the  fun  will  always  be 
bright,  while  the  oppofitc  one  will  be  in  darknefs ; 
confequently,  if  the  fituation  of  the  earth  be  fuch, 
that  the  dark  fide  of  Venus  be  turned  towards  us, 
file  will  then  be  invifible,  except  flie  appear  like 
a fpot  on  the  difk  of  the  fun.  If  her  whole  illu- 
minated face  is  turned  towards  the  earth,  as  it  is 
in  her  fuperior  conjun61ion,  flie  appears  of  a circu- 
lar form,  and  according  to  the  different  pofitions  of 
the  earth  and  Venus,  flie  will  have  different  form.s, 
and  appear  with  different  phafes,  undergoing  the 
fame  changes  of  form  as  the  moon.  Thefe  different 
phafes  are  feen  very  plain  in  this  inftrument,  as  the 
fide  of  the  planet,  which  is  oppofite  to  the  fun,  is 
blackened;  fo  that  in  any  pofition,  a line  draw'n 
from  the  earth  to  the  planet,  will  reprefent  that 
part  of  her  dilk  w'hich  is  vifible  to  us. 

1 he  irregularities  in  the  apparent  motions  of 
the  planets,  is  a fubjefl  that  this  inftrument  will 
fully  elucidate;  and  the  pupil  will  find  that  they 
are  only  apparent,  taking  their  rife  from  the  fitu- 
ation  and  motion  of  the  obferver.  To  illuftrate 
this,  let  us  fuppofe  the  above-mentioned  wire, 
when  conneffed  with  Venus  and  the  earth,  to  be 
the  vifual  ray  of  an  obferver  on  the  earth  ; it  w'ill 
then  point  out  how  the  motions  of  Venus  appear 

in 
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in  the  hc3,v  enSj  3.nci  the  pRth  flic  sppcRTs  to  us  tcJ' 
deferibe  among  the  fixed  ftars. 

Let  \enus  be  placed  near  her  fuperior  con- 
juncflion,  and  the  indrument  in  motion,  the  wire 
will  maik  out  tne  apparent  motion  of  Venus  in  the 
ecliptic.  Thus  Venus  will  appear  to  move  eaft- 
ward  in  the  ecliptic,  till  the  wire  becomes  a tangent 
to  the  orbit  of  Venus,  in  which  fituation  flic  will' 
appear  to  us  to  be  dationary,  or  not  to  advance  at 
all  among  the  fixed  dars  ; a circumdance  which  is 
exceeding  vifible  and  clear  upon  the  planetarium. 

^ Continue  turning,  till  Venus  be  in  her  fuperior 
conjunction,  and  you  will  find  by  the  wire,  or  vi- 
lual  ray,  that  die  now  appears  to  move  backward 
in  the  ecliptic,  or  from  ead  to  wed,  till  die  is  ar- 
rived to  that  part  where  the  vifual  ray  again  be- 
comes a tangent  to  her  orbit.  In  which  podtion,. 
Venus  will  again  appear  dationary  for  Tome  time;, 
after  which,  die  wull  commence  anew  ber  dirccli 
motion. 

Hence,  when  Venus  is  in  the  fuperior  part  of 
her  orbit,  die  is  always  feen  to  move  direciUy,  ac- 
cording to  the  order  of  the  dgns ; but  when  die  is- 
in  the  inferior  part,  die  appears  to  move  in  a con- 
trary direedion. 

What  has  been,  faid  concerning  the  motions- 
of  Venus,  is  applicable  to  thofe  of  Mercury ; but 
the  conjunctions  of  Mercury  with  the  fun,  as  w'dl 
as  the  times  of  his  being  direct,  dationary,  or  retro- 
grade, are  more  frequent  than  thofe  of  Wnus. 

Of  THE  Superior  Planets,  as  seen  from  the 

Larth. 

If  you  extend  your  obfervations  on  the  indru- 
ment  to  Mars,  you  will  dnd  by  the  vifual  ray,  that 
Mars,  when  in  conjunedion,  and  when  in  oppofi- 
tion,  will  appear  in  the  fame  point  of  the  ecliptic,. 

whether 
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whether  it  is  fcen  from  the  fun  or  the  earth;  and 
in  this  lituation  only  is  it’s  real  and  apparent  place 
the  fame,  becaufc  then  only  the  ray  proceeds  as  if 
it  came  from  the  center  of  the  univerfe. 

You  will  find,  that  the  diredt  motion  of  a 
fuperior  planet  is  fwifter  the  nearer  it  is  to  the 
conjundlion,  and  flower  when  it  is  nearer  to  qua-' 
drature  with  the  fun  ; but  that  the  retrograde  mo- 
tion of  a fuperior  planet  is  fwifter  the  nearer  it  is 
to  oppofition,  and  flower  the  nearer  it  is  to  quadra  ; 
ture ; but  at  the  time  of  change  from  diredt  to  re- 
trograde, it’s  motion  becomes  infenfible, 

( 

To  provtr  hy  the  planetarium  the  truth  of  the  Coper-^ 
ni'can^  and  abjurdity  of  the  Ptolemaic  fyflem: 

Of  all  the  prejudices  whicli  philofo'phy  coh- 
tradidls,  there  is  none  fo  general  as  that  the  earth’ 
keeps  it’s  place  unmoved.  This  opinion  feems’ 
robe  Liniverfal,  till  it  is  corredled  by  inflrudl;ion,' 
or  by  philofophical  fpeculation.  Thofe  who  have 
any  tindlure  ot  education,  are  not  now  in  danger  of 
being  held  by  it ; but  yet  they  find  at  flrfl:  a re- 
liidlance  to  believe  that  there  are  antipodes,  that 
the  earth  is  fpherical,  and  turns  round  it’s  axis' 
cveiyday,  and  round  the  fun  every  year.  They 
can  rccoiledt  the  time  when  reafon  Ifruggled  with 
prejudice  upon  thefe  points,  and  prevailed  at 
length,  but  not  without  fome  efforts.'^' 

The  planetarium  gives  ocular  demonftration  ’ 
Gi  the  motion  of  the  earth  about  the  fun,  by  fhew- 
ing  that  it  is  thus  only  that  thecelcflial  phenomena 
can  be  explained,  and  making  the  abfurdity  of  thr 
rolemaic  fyflern  evident  to  the  fenfes  of  younff 
IV.  N j/eople: 

* Rsid’s  EfTays  on  the  Intel'! c6tual  Powers  Man. 


17^  I.F.CTURES  ON  NaTURAL  PHILOSOPHY. 

people.  For  this  piirpofe,  I take  off  the  brafs  bal? 
which  reprefents  the  fun,  and  put  on  a fmall  ivory 
ball  in  it’s  place  to  reprefent  the  earth,  and  place  a 
fmall  brafs  ball  for  the  fun,  on  that  arm  which  car- 
ries the  earth. 

The  inflrument  in  this  flate  will  give  an  idea  , 
of  the  Ptolemaic  fyflem,  v/ith  the  earth  immove- 
able in  the  center,  and  the  heavenly  bodies  revolv- 
ing about  it  in  the  fallowing  order:  Mercury,  Venus, 
the  fii'iiy  Mars,  Jupiter,  and  Saturn.  Now  in  this 
difpolition  of  the  planets,  feveral  circumllances 
are  to  be  obferved,  that  are  contrary  to  the  real  ap- 
pearances of  the  ccleftial  motions,  and  which  there- 
fore prove  the  falfity  of  this  fyftem. 

It  will  appear  from  the  inflrument,  that  on 
this  hypothefis  Mercury  and  Venus  could  never  be 
feen  to  go  behind  the  fun,  from  the  earth,  becaufe 
the  orbits  ot  both  of  them  are  contained  between 
the  fun  and  the  earth  ; but  thefe  planets  are  feen  to 
go  as  often  behind  the  fun  as  before  it ; we  may, 
therefore,  from  hence  conclude,  that  this  fyftem  is 
erroneous. 

It  is  alfo  apparent  in  the  planetarium,  that  on 
this  fcheme  thefe  planets  might  be  feen  in  con- 
jundlion  with,  or  in  oppolition  to  the  fun,  or  at  any 
diftancc  from  it.  But  this  is  contrary  to  experi- 
ence ; for  they  arc  never  feen  in  oppofition  to  the 
fun,  or  on  the  meridian  of  London,  for  inftance, 
at  midnight,  nor  ever  recede  from  it  beyond  certain 
limits. 

Again,  on  the  Ptolemaic  fyftem  all  the  planets 
would  be  at  an  equal  diftance  from  the  earth,  in 
all  parts  of  their  orbits,  and  would  therefore  ne- 
cellarily  appear  always  c^t  the  fame  magnitude,  and 
moving  with  equal  and  uniform  velocities  in  one 
direction;  ciicumftances  which  are  known  to  be 
iCi  Ugnanc  to  obfervation  and  experience. 
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To  reBify  the  planetarium,  or  place  the  planets  in 
their  true  fituations,  as  feen  from  the  fun. 

The  fituarions  of  the  planets  in  the  heavens 
are  accurately  calculated  by  altronomers,  and  pub- 
lilhed  in  almanacks  appropriated  to  the  purpofe, 
the  nautical  almanack.  White's  ephemeris,  &c. 
An  ephemeris  is  a diary  or  daily  rcgifler  of  the 
motions  and  places  of  the  heavenly  bodies,  fli'ew- 
ing  the  fituation  of  each  planet  at  12  o’clock  each 
day.  Thefe  lituations  it  exhibits  both  as  feen  from 
the  fun,  and  from  the  earth  ; but  as  the  former  or 
the  heliocentric  is  the  only  one  of  any  ufe  for  this 
purpofe,  I fhall  here  explain  fo  much  of  that  part 
of  Mr.  White’s  ephemeris,  as  will  enable  you  to 
rectify  the  planetarium. 
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In  the  foregoing  table  for  May,  1790,  you 
have  the  heliocentric  places  calculated  to  every 
fix  days  of  the  month,  which  is  fufficientlv  accu- 
rate for  general  purpofes.  Thus  on  the  19th, 
you  have  Saturn  in  28°  ii'  of  Pifees,  Jupiter  3- 
37'  of  Virgo,  Mars  in  5^  20'  of  Libra,  the  earth 
28^  36'  of  Virgo,  Venus  7^^  7'of  Capricorn,  and 
Mercury  4®  13  of  Virgo;  to  which  places  on  the 
ecliptic  of  the  planetarium,  the  feveral  planets 
are  to  be  fet,  and  they  will  then  exhibit  their  real 
ficuations,  both  with  refped  to  the  fun  and  the 
earth  for  that  day.  . 
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To  uje  the  infirument  as  a tellurian^  plate  i2y  jig,  r* 

The  fun,  the  earth,  and  the  moon,  are  bodies, 
which,  from  our  connection  with  them,  are  fo  in- 
terefting  to  us,  that  it  is  neceffary  to  enter  into 
a minute  detail  of  their  refpeCtive  phenomena. 
I'o  render  this  infirument  a tellurian,  all  the  pla- 
nets are  firll  to  be  taken  oft',  the  piece  of  wheel- 
work  A B is  to  be  placed  on  in  their  dead,  in 
fuch  a manner,  that  the  w'heel  c may  fall  into 
the  teeth  that  are  cut  upon  the  edge  of  the  eclip- 
tic. The  milled  nut  D is  then  to  be  ferewed  on, 
to  keep  the  wheel-work  firmly  in  it’s  place.  It 
is  beft  to  place  this  wheel-w^ork  in  fuch  a manner, 
that  the  index  E may  point  to  the  21  ft  of  June, 
and  then  to  move  the  globe,  fo  that  the  north  pole 
^may  be  turned  towards  the  fun. 

The  inftrument  will  then  fliew,  in  an  accurate 
and  clear  manner,  all  the  phenomena  arifing  from 
the  annual  and  diurnal  motion  of  the  earth:  as 
the  globe  is  of  3 inches*  diameter,  all  the  conti- 
nents, feas,  kingdoms,  &c.  may  be  diftinCtly  feen ; 
the  equator,  the  ecliptic,  tropics,  and  other  circles, 
arc  very  vifible,  fo  that  the  problems  relative  to 
peculiar  places,  may  be  latisfaCforily  folved.  The 
axis  of  the  earth  is  inclined  to  the  ecliptic  in  an 
angle  of  66.y  degrees,  and  preferves  it’s  parallel- 
ifm  during  the  whole  of  it’s  revolution.  About 
the  globe  there  is  a circle,  to  reprefent  the  termi- 
nator y or  boundary  between  light  and  darknefs,  di- 
viding the  enlightened  from  the  dark  hcmifpherc. 
At  N O is  an  hour  circle,  to  determine  the  time 

of  fun  riling  or  fetting. 

The  brafs  index  G reprefents  a central  iolar 
ray;  it  ferves  to  llicw  when  it  is  noon,  or  when 
the  llin  is  upon  the  meridian  at  any  given  place: 

it  alfolhcws  what  lign  and  degree  ot  the  ecliptic 

on 
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on  the  globe  the  fun  defcribes  on  any  day,  and  the 
parallel  it  defcribes. 

The  plane  of  the  terminator  H I paffes 
through  the  center  of  the  earth,  and  is  perpen- 
dicular to  the  central  folar  ray.  The  index  E points 
out  the  fun’s  place  in  the  ecliptic  of  the  inftrumcnt 
for  any  given  day  in  the  year. 

*To  explain  the  changes  of  JeaJons  hy  the  tellurian, 

« 

The  firfl:  thing  to  be  done,  is  to  re6li fy  the 
tellurian;  or  in  other  words,  to  put  the  globe 
into  a pofition  fimilar  to  that  of  the  earth,  for 
any  given  day.  Thus  to  re(5tify  the  tellurian  for 
the  2ift  of  June,  turn  the  handle  till  the  annual 
index  comes  to  the  given  day;  then  move  the 
globe  by  the  arm  K L,  fo  that  the  north  pole 
may  be  turned  towards  the  fun;  and  adjuft  the 
terminator,  fo  that  it  may  juft  touch  the  edge  of 
the  ai*(ftic  circle.  The  globe  is  then  in  the  litua- 
tion  of  the  earth  for  the  longeft  day  in  our  north- 
ern hemifphere,  the  annual  index  pointing  to  the 
ft  point  of  Cancer  and  the  21  ft  of  June;  brin<^ 
the  meridian  of  London  to  coincide  with  the  cen- 
tral folar  ray,  and  move  the  hour  circle  N O,  till 
the  index  L points  to  XII ; we  then  have  the 

fituation  of  London  with  refpeeft  to  the  long;cft 
day.  ^ 

Now'  on  gently  turning  the  handle  of  the 
machine,  the  point  reprefenting  I.ondon  will,  by 
the  rotation  ot  the  earth,  be  carried  away  towards 
the  eaft,  while ( the  fun  leems  to  move  weftw’ard  ; 
and  when  London  has  arrived  at  the  eaftern  part 
=of  the  terminator,  the  index  will  point  on  the 
hour  circle  the  time  of  fun-fetting  for  that  day; 
contmue  to  turn  on,  and  London  will  move  in 
K c ihaded  part  of  the  earth,  on  the  other  fide  of 
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the  terminator;  when  the  index  is  again  at  XII,  it 
.is  midnight  at  London ; by  moving  on,  London 
will  emerge  from  the  wdtern  fide  of  the  termi- 
nator, and  the  index  will  point  out,  the  time  of 
fun- riling,  the  fun  at  that  inlfant  appearing  to 
rife  above,  the  horizon  in  the  calf,  to  an  inhabitant 
of  London. 

It  will  be  evident  by  the  inflrument,  while  in 
this  pofition,  that  the  central  folar  ray,  during 
the  whole  revolution  of  the  earth  on  it’s  axis,  only 
points  to  the  tropic  of  Cancer,  and  that  the  fun 
is  vertical  to  no  other  part  of  the  earth,  but  thofe 
which  are  under  this  tropic. 

By  obferving  how  the  terminator  cuts  the  fe- 
veral  parallels  of  the  globe,  we  lhall  find  that  all 
thofe  between  the  northern  and  fouthern  polar 
circles  (except  the  equator)  are  divided  unequally 
into  diurnal  and  nodurnal  arches,  the  former  being 
greateft  on  the  north  fide  of  the  equator,  and  the 
latter  on  the  fouth  fide  of  it. 

In  this  pofition,  the  northern  polar  circle  is 
wholly  on  that  fide  the  terminator  which  is  near^ 
eft  the  fun,  and  therefore  altogether  in  the  en- 
lightened hemifphere,  and  the  inhabitants  thereof 
enjoy  a continual  day.  Jn  the  fame  manner,  the 
inhabitants  of  the  fouthern  polar  circle  continue 
in  the  dark  at  this  time,  notwithfianding  the  di- 
urnal revolution  of  the  earth;  it  is  the  annual 
motion  only  which  can  relieve  them  from  this 
litLiation  of  perpetual  darknefs,  and  bring  to  them 
the  bleflings  of  day,  and  the  enjoyments  of  fum- 
mer;  while  in  this  fate  the  inhabitants  in  north 
latitude  are  nearef  to  the  central  folar  ray,  and 
confequently  to  the  fun’s  perpendicular  beams', 
and  of  courfe  a greater  number  of  his  rays  will 
fall  upon  any  given  place,  than  at  any  other  rime; 
the  fun’s  rays  do  now  alfo  pafs  through  a*  lefs 
ouantitv  of  the  atmofphcre,  which,  together  with 
^ " the 
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the  length  of  the  day,  and  the  fliortnefs  of  the 
night,  are  the  reafons  of  the  increale  of  the  heat 
in  fummer,  together  with  all  it’s  other  delightful 
elfedis  ; the  feafon  when  the  Lord  pours  forth  his 
blcflings  upon  every  living  creature  in  the  grcatell 
abundance. 

While  the  earth  continues  to  turn  round  on 
it’s  own  axis  once  a day,  it  is  continually  ad- 
vancing from  weft  to  caft,  according  to  the  order 
of  the  figns,  as  is  feen  by  the  progrefs  of  the 
annual  index  E,  which  points  fucceflively  to  all 
the  figns  and  degrees  of  the  ecliptic  ; the  fun  in 
the  mean  time  feems  to  deferibe  the  ecliptic  alfo, 
going  from  weft  to  eaft,  at  the  diftance  of  fix 
figns  from  the  earth;  that  is,  when  the  earth 
really  fets  out  from  the  firft  point  of  Capricorn, 
the  fun  feems  to  fet  out  from  the  firft  point  of 
Cancer,  as  is  plain^in  the  index. 

But  as  during  the  annual  revolution  of  the 
earth,  the  axis  always  remains  parallel  to  itfelf, 
the  fttuation  of  this  axis,  with  refpedt  to  the  fun, 
muft  be  continually  changing. 

As  the  earth  moves  on  in  the  ecliptic,  the 
northern  polar  circle  gets  gradually  under  the 
terminator;  fo  that  when  the  earth  is  arrived  at 
the  firft  point  of  Aries,  and  the  annual  index  is 
at  the  firft  point  of  Libra  on  the  iid  of  Septem- 
ber, this  circle  is  divided  into  two  equal  parts  by 
the  terminator,  as  is  alfo  every  other  parallel  cir- 
cle, and  confequeritly  the  diurnal  and  nodurnal 
arches  are  equal;  this  is  called  the  time  of  equinox, 
the  days  and  nights'  are  then  equal  all  over  the 
the  earth,  being  each  of  them  12  hours  long,  as 
will  be  feen  by  the  horary  index  L.  The  central 
folar  ray  G having  fuccefiively  pointed  to  all  the 
parallels  that  may  be  fuppofed  to  be  between  the 
equator  and  the  tropic  of  Cancer,  is  at  this  pe- 

N 4 - riod 


i 34  Lectures  on  Natural  Philosophy. 

riod  perpendicular  to  the  inhabitants  that  live  at 
the  equator. 

By  continuing  to  turn  the  handle,  the  earth 
^ivances  in  the  ecliptic,  and  the  terminator 
Ihews  how  the  days  are  continually  decreafing 
and  the  diurnal  arches  Ihortening,  till  by  degrees 
the  whole  fpace  contained  by  the  northern  polar 
circle  is  on  that  fide  of  the  terminator  which  is 
oppofite  to  the  fun,  which  happens  when  the 
earth  is  got  to  the  firft  point  of  Cancer,  and  the 
annual  index  is  at  the  firlf  point  of  Capricorn,  on 
the  2 1 ft  of  December.  In  this  ftate  of  the  globe, 
the  northern  polar  circle,  and  all  the  country 
within  that  fpace,  have  no  day  at  all;  w'hilft  the 
inhabitants  that  live  within  the  fouthern  polar 
circle,  being  on  that  fide  of  the  terminator  which 
is  next  the  fun,  enjoy  perpetual  day.  By  this 
and  the  former  fttuation  of  the  earth,  you  wdll 
bbferve,  that  there  are  nations  to  whom  a great 
portion  of  the  year  is  darknefs,  who  are  condemn- 
ed to  pafs  weeks  and  months  without  the  benign 
influence  of  the  folar  rays.  The  central  folar  fay 
is  now  perpendicular  to  the  tropic  of  Capricorn; 
the  length  of  the  days  is  inverfely  what  it  was  when 
the  fun  entered  Cancer,  the  days  being  now  at 
their  ftiorteft,  and  the  nights  longeft  in  the  north- 
ern hemifphere;  the  length  of  each  is  pointed  but 
by  the  horary  index. 

1 he  earth  being  again  carried  on  till  it  enters 
Libra,  and  the  fun  Aries,  \ve  fhall  again  have  all 
the  phenomena  of  the  equinoctial  feafons.  The 
terminator  will  divide  all  the  parallels  into 
two  equal  parts;  the  poles  will  again  be  in  the 
plane  of  the  terminator ; and  confequently  as  the 
globe  revolves,  every  place  from  pole  to  pole  will 
deferibe  an  equal  arch  in  the  enlightened  and 
pbfcuie  hemifphercs,  entering  into  and  going  out 

' of 


On  Astronomy.  185 

.©f  each  exadly  at  fix  o'clock,  as  fhewn  by  the 
hour  index. 

As  the  earth  advances,  more  of  the  northern 
polar  circle  comes  into  the  illuminated  hemi- 
sphere, and  consequently  the  days  increafe  with 
us,  while  thofe  on  the  other  fide  of  the  equator 
,decreafe,  till  the  earth  arrives  at  the  firft  point 
of  Capricorn,  the  place  from  which  we  firll  be- 
gan to  make  our  obfervations. 

"To  explain  the  phenomena^  that  take  place  in  what 
is  called  a parallel^  direct ^ and  right  Jphere, 

Take  off  the  globe  and  it’s  terminator,  and 
put  on  in  it’s  place  the  globe  which  accompanies 
the  inflrument,  and  which  is  furnifhed  with  a 
meridian,  horizon,  and  quadrant  of  altitude;  the 
edge  of  the  horizon  is  graduated  from  the  eaft  and 
weft,  to  the  north  and  fouth  points,  and  within 
thefe  divisions  are  the  points  of  the  compafs  to  the 
under  fide  of  this  horizon  ; but 'at  i 8 degrees  from 
it  another  circle  is  affixed,  to  reprefent  the  twilight 
circle;  the  meridian  is  graduated  like  the  m^i- 
dian  of  .a  globe  ; the  quadrant  of  altitude  is  di- 
vided into  degrees,  beginning  at  the  zenith,  and 
fmiftiing  at  the  horizon.  • 

This  globe,  if  the  horizon  be  differently  fet 
with  refped  to  the  folar  ray,  will  exhibit  the 
various  phenomena  ariftng  from  the  fituation  of 
the  horizon  with  refped  to  the  fun,  either  in 
a right,  a parallel,  or  an  oblique  fphcrc;  or  hav- 
ing fet  the  horizon  to  any  place,  you  will  fee  by 
the  central  folar  ray  how  long  the  fun  is  abov'e 
or  below  the  horizon  of  that  place,  and  at  w hat 
point  of  the  compafs  he  rifes,  his  meridian  alti- 
tude, and  many  other  curious  particulars,  of  wdiich 
we  fhall  give  a few  cxamoles. 

• A 


' i86  Lectures  ON  Natural  Philosophy. 


Set  the  horizon  to  coincide  with  the  equator, 
and  place  the  earth  in  the  firft  point  of  Libra  ; 
then  will  the  globe  be  in'the  pofition  of  a parallel' 
fphere,  and  ot  the  inhabitants  of  the  poles  at  that 
feafon  of  the  year,  which  inhabitants  are  rcpre- 
fented  by  the  pin  at  the  upper  part  of  the  quadrant 
of  altitude;  the  handle  being  turned  round  gently,, 
the  earth  will  revolve  upon  it’s  axis,  and  the  fblar. 
ray  will  coincide  with  the  horizon,  without  devi- 
ating in  the  lead:  to  the  north  or  fouth  ; diewing, 
that  on  the  2ilt  ot  March  the  fun  does  not  appear  to 
rife  or  fet  to  the  terredrial  poles,  but  padcs  round 
through  all  the  points  of  the  compafs,  the  plane  of 
the  horizon  bifeding  the  fun's  dilk. 

Now  place  the  horizon,  fo  that  it  may  coin- 
cide with  the  poles,  and  the  pin  reprefentingan  in- 
habitant be  over  the  equator,  the  globe  in  this  po- 
ikion  is  faid  to  be  in  that  of  a right  fphere;  the 
equator,  and  all  the  parallels  of  latitude,  are  at 
right  angles^  or  perpendicular  to  the  horizon;  by 
turning  the  handle  till  the  earth  has  completed  a 
year,  or  one  revolution  about  the  fun,  we  diall 
perceive  all  the  folar  phenomena  as  they  happen 
to  an  inhabitant  of  the  equator,  which  are,  i. 
That  the  fun  rifes  at  fix,  and  fets  at  dx,  through- 
out the  year,  fo  that  the  days  and  nights  there  are 
perpetually  equal.  2.  That  on  the  2 id  of  March, 
and  22d  of  September,  the  fun  is  in  the  zenith, 
or  exadly  over  the  heads  of  the  inhabitants.  3. 
That  one  half  of  the  year  between  March  and 
September,  the  fun  is  every  day  full  north,  and 
the  other  half  between  September  and  March,  is 
full  fouth  of  the  equator,  lus  meridian  altitude 
being  never  lefs  than  66i  degrees. 

If  the  pin  reprefenting  an  inhabitant  be  now 
removed  out  of  the  equator,  and  fet  upon  any 
?..r;\v.c  b'ctvvccn  it  and  the  poles,  the  horizon  will 
ku  then  jiafs  through  either  of  the  poles,  nor  co- 
incide 
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incide  with  the  equator,  but  cut  it  obliquely,  one 
half  being  above,  the  other  half  below  the  horizon; 
the  globe  in  this  ftate  is  faid  to  be  in  that  of  an 
oblique  fphere,  of  which  there  are  as  many  va- 
rieties as  there  are  places  between  the  equator  and 
both  poles.  But  one  example  will  befufficicnt? 
for  whatever ‘appearance  happens  to  one  place,  the 
fame,  as  to  kind,  happens  to  every  other  place, 
differing  only  in  degree,  as  the  latitudes  differ. 
Bring  the  pin,  therefore,  over  London,  then  will 
the  horizon  reprefent  the  horizon  of  London,  and 
in  one  revolution  of  the  earth  round  the  fun,  we 
fliall  have  all  the  folar  appearances  through  the 
four  feafons  clearly  exhibited,  as  they  really  are 
in  nature;  that  is,  the  earth  landing  at  the  firft 
degree  of  Libra,  and  the  fun  then  entering  into 
Aries,  the  meridian  turned  to  the  folar  ray,  and 
the  hour  index  fet  to  XII,  you  will  then  have  the 
globe  ftanding  in  the  lame  pofition  tow'ards  the 
fun,  as  our  earth  does  at  noon  on  the  21ft  of 
March.  If  the  handle  be  turned  round,  when  the 
folar  ray  comes  to  the  weftern  edge  of  the  horizon, 
the  hour  index  will  point  V],  which  fhews  the 
time  of  fun-fetting;  London  then  paffes  into,  and 
continues  in  darknefs,  till  the  hour  index  having 
paffed  over  XII  hours,  comes  again  to  VI,  at  which 
time  the  folar  ray  gains  the  eallern  edge  of  the 
horizon,  thereby -defining  the  time  of  fiin-rifing ; 
fix  hours  afterwards  the  meridian  again  comes  to 
the  folar  ray,  and  the  hour  index  points  to  XII, 
thereby  evidently  demonllrating  the  equality  of 
the  day  and  night,  when  the  fun  is  in  the  equi- 
nocftial.  You  may  then  alfo  obferve,  that  the  fun 
rifes  due  eaff,  and  fets  due  well. 

Continuing  to  move  the  handle,  you  will  find 
that  the  folar  ray  declines  from  the  equator  to- 
wards the  north,  and  every  day  at  noon  riles  higher 
upon  the  graduations  of  the  meridian  than  it  did 
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before,  continually  approaching  to  London,  the 
, days  at  the  fame  time  growing  longer  and  longer, 
and  the  fun  rifing  and  fetting  more  and  more  to- 
wards the  north,  till  the  2iit  of  June,  when  the 
earth  gets  into  the  fird  degree  of  Capricorn,  and 
the  fun  appears  in  the  tropic  of  Cancer,  rifing 
about  40  minutes  paft  3 in  the  morning,  and  fet- 
ting about  20  minutes  paft  8 in  the  evening,  and 
after  continuing  about  feven  hours  in  the  nether 
hemifphcre,  appears  riling  in  the  north-eafi,  as 
before.  From  the  21  (1  of  June  to  the  22d  of  Sep- 
tember, the  fun  recedes  to  the  fouth,  and  the  days 
gradually  decreafe  to  the  autumnal  equinox,  when 
they  again  become  equal. 

During  the  three  fuccceding  months,  the  fun 
continues  to  decline  towards  the  fouth  pole,  till 
the  2 id'  of  December,  v.hen  the  fun  enters  the 
tropic  ot  Capricorn,  rifing  on  the  fouth-ead  point 
of  the  cornpafs  about  20  minutes  pad  8 in  the 
morning,  and  fetting  about  40  minutes  pad  3 in 
the  evening,  at  the  ifouth-vved  point  upon  the  ho- 
rizon ; alter  whicl'!,  the  fun  continues  in  the  dark 
hemifphere  for  17  hours,  and  then  appears  again 
in  the  fouth-ead,  as  before.  From  this  chill  fol- 
flice  the  fun  returns  towards  the  north,  and  the 
days  continually  increafe  in  length  till  the  vernal 
equinox,  when  all  things  are  reltored  in  the  fame 
order  as  at  the  beginning. 

Thus  all  the  varieties  of  the  feafons,  the  time 
of  fun  riling  and  fetting,  and  at  what  point  of  the 
conipafs  ; as  alfo  the  meridian  altitude  and  decli- 
nation every  day  of  tile  year,  and  duration  of  twi- 
light, and  to  what  place  the  fun  is  at  any  time 
vertical,  are  fully  exemplified  by  this  glube  and 
it*s  apparatus. 

before  we  quit  the  phenomena  particularly 
ariling  from  the  motion  'and  pofition  of  the  earth, 
let  the  globe,  with  the  meridian  and  horizon,  be 
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removed,  and  the  ivory  ball  which  fits  upon  a pin 
be  placed  thereon,  to  reprefent  the  earth. 

As  the  axis  of  this  globe  Hands  perpendicular 
to  the  plane  of  the  ecliptic,  you  will  find  that  the 
folar  ray  continually  points  to  the  equator  of  this 
little  ball,  and  will  never  deviate  to  the  north  or 
fouth  ; though  by  turning  the  handle,  the  ball  k 
made  to  complete  a revolution  round  the  fun.  Thi$ 
fliews  that  the  earth  in  thispofition  would  have  the 
days  and  nights  equal  in  every  part  of  the  globe,  ail 
the  year  long;  there  would  have  been  no  diffe- 
rence in  the  climates  of  the  earth,  no  diftinHion  of 
feafons  ; an  eternal  fummer,  or  never-ceafing  win^ 
ter,  would  have  been  our  portion ; an  unvaried 
famenefs  that  would  have  limited  inquiry,  and  fa- 
tiated  curiofity  ; and  that  the  variety  of  the  fea- 
fons is  owing  to  it’s  axis  being  inclined  to  the 
plane  of  it’s  orbit. 

Of  the  Lunarium,  Fig.  2,  Plate  xri. 

FFaving  thus  illuftrated  the  phenomena,  which 
arife  particularly  from  the  inclination  of  the  earth’s 
axis  to  the  plane  of  the  ecliptic,  from  it’s  rotation 
round  it’s  axis,  and  revolution  round  the  fun  ; wc 
now  proceed  to  explain,  by  this  inftrument,  the 
phenomena  of  the  moon.  But  in  order  to  this,  it 
will  be  neceflary  to  fpeak  firlt  of  the  inilrument, 
w-hieh  is  put  in  motion  like  the  preceding  one,  by 
the  teeth  on  the  fixed  wheel  ; it  is  alfo  to  be  pla- 
ced upon  the  fame  focket  as  tlie  tellurian_,  and  con- 
fined down  by  the  fame  milled  nut. 

The  Hoping  ring  F Q reprefents  the 
plane  of  the  nroon’s  orbit,  or  path  round  the 
earth  ; fo  that  the  moon  in  her  rcvclution  round 
the  earta  does  not  move  parallel  to  the  plane  of 
the  ecliptic,  but  on  this  inclined  plane  ; the  two 
points  of  this  plane,  tliat  arc  •connected  by  th.e 

" bral'v 


rpo  Lectures  on  Natural  Philosophy. 

1 

brafs  wire,  are  the  nodes,  one  of  which  is  marked 
ft,  for  the  afcendin^  node,  the  other  15  for  the 
defcending  node.  The  moon  is  therefore  fome- 
times  on  the  north,  and  'fometimes  on  the  fouth 
fide  of  the  ecliptic,  which  deviations  from  the 
ecliptic  are  called  her  north  or  fouth  latitude;  her 
greatefl  deviation,  which  is  when  flie  is  at  her' 
highefi:  and  lowell  points,  called  her  limits,  is  5 
deg.  18  min.  ; this,  with  all  the  other  intermediate 
degrees  of  latitude,  are  engraved  on  this  ring,  be- 
ginning at  the  nodes,  and  numbered  both  ways 
from  them.  At  each  of  the  nodes,  and  at  about 
1 8 degrees  diflant  from  them,  we  find  this  mark  O, 
and  at  about  22  degrees  this  ]),  to  indicate  that 
when  the  full  moon  is  got  as  fa^t  from  the  nodes  as 
the  mark  there  can  be  no  eclipfe  of  the  moon; 
nor  any  eclipfe  of  the  fun,  when  the  new  moon 
has  paired  the  nprk  Q;  thefe  points  are  generally 
termed  the  limits  of  edipfes.  The  nodes  of  the 
moon  do  not  remain  fixed  at  the  fame  point  of  the 
ecliptic,  but  have  a motion  contrary  to  the  order 
of  the  figns. 

T V is  a fmall  circle  parallel  to  the  ecliptic  ; 
it  is  divided  into  12  figns,  and  each  fign  into  30 
degrees;  this  circle  is  moveable  in  it’s  focket,  and 
is  to  be  fet  by  hand,  fo  that  the  fame  fign  may  be 
oppofite  to  the  fun,  that  is  marked  out  by  the  an- 
nual index.  Thefe  figns  always  keep  parallel  to 
themfelvcs,  as  they  go  round  the  fun,  but  the  in- 
clined plane  with  it’s  nodes  go  backwards,  fo  that 
each  node  recedes  thro’  all  the  above  figns  in  about 
19  years.  R S is  a circle,  on  which  are  divided 
the  days  of  the  moon’s  age  ; X Y is  an  ellipfis, 
to  reprefent  the  moon’s  elliptical  orbit,  the  direbt 
motion  of  the  apogee,  or  the  line  of  the  apfides, 
with  the  fituation  of  the  elliptical  orbit  of  the 
moon,  and  place  of  the  apogee  in  the  ecliptic  at 
all  times. 
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To  rcBify  the  Itinarimn. 

Set  the  annual  index  on  the  large  ecliptic  to 
the  firft  of  Capricorn  ; then  turn  the  plate,  with 
Ihe  moon’s  figns  upon  it,  until  the  beginning  of 
Capricorn  points  diredHy  to  the  fun  ; turn  the 
handle  till  the  annual  index  comes  to  the  ftrO:  of 
January  ; then  find  the  place  of  the  north  node  in 
an  ephemeris,  to  which  place  among  the  moon’s 
figns,  fet  the  north  node  of  her  inclined  orbit, 
by  turning  it  till  it  is  in  it’s  proper  place  in  the 
circle  of  ligns  ; fet  the  moon  to  the  day  of  her 
age. 

I 

General  Phenomena  of  the  Moon\ 

Having  redlified  the  iunarium  for  life,  on 
putting  it  into  motion  it  will  be  evident, 

1.  That  the  moon,  by  the  mechanifm  of  the  in- 
.firument,  always  moves  in  an  orbit  inclined  to  that 
of  the  ecliptic,  and  confcqiiently  in  an  orbit  analo- 
gous to  that  in  which  the  moon  moves  in  the 
heavens. 

2.  That  fhe  moves  from  wefi  to  cafi. 

3.  That  the  white  or  illuminated  face  of  the 
moon  is  always  turned  towards  the  fun. 

4.  That  the  nodes  have  a revolution  contranr 
to  the  order  of  the  figns,  that  is,  from  Aries  to 
Pifees ; that  this  revolution  is  performed  in  about 
nineteen  years,  as  in  nature. 

5.  That  the  moon’s  rotation  upon  her  axis  is 
effeded  and  completed  in  about  27^  days  ; whereas 
it  is  29!  days  from  one  conjunction  with  the 
i un  to  the  next. 

6.  That  every  part  of  the  moon  is  turned  to 
the  fun,  in  the  fpacc  of  her  monthly  or  periodic 
revolution. 
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To  be  more  particular.  On  turning  the  han- 
dle, you  will  obfervc  another  motion  of  the  earth, 
which  has  not  yet  been  fpoken  of,  namely,  it’s 
monthly  motion  about  the  common  center  of  gravity 
between  the  earth  and  moon,  which  center  of 
gravity  is  reprefented  by  the  pin  Z.  From  hence 
we  learn,  that  it  is  not  the  center  of  the  earth 
which  decribes  what  is  called  the  annual  orbit, 
but  the  center  of  gravity  between  the  earth  and 
moon,  and  that  the  earth  has  an  irregular,  ver- 
micular, or  fpiral  motion  about  this  center,  fo 
that  it  is  every  month  at  one  time  nearer  to,  at 
another  further  from  the  fun.  It  is  evident  from 
the  inflrument,  that  the  moon  does  not  regard  the 
center  of  the  earth,  but  the  center  of  gravity,  as 
the  center  of  her  proper  motion;  that  the  center 
of  the  earth  is  furtheft  from  the  fun  at  new  moon, 
and  neareft  at  the  full  moon ; that  in  the  quadra- 
tures the  monthly  parallax  of  the  earth  is  fo  fen- 
fible,  as  to  require  a particular  equation  in  aftro-  > 
nomical  tables.  Thefe  particulars  were  firft  ap- 
plied to  the  orrery,  by  the  late  ingenious  Mr. 
Benjamin  Martin. 

explain  the  phafes  of  the  moon» 

The  moon  alTumes  different  phafes  to  us,  i, 
on  account  of  her  globular  figure;  i.  on  account 
of  the  motion  in  her  orbit,  between  the  earth  and 
the  fun:  for  whenever  the  moon  is  between  the 
earth  and  the  fun,  wc  call  it  new  -moon,  the  en- 
lightened part  being  then  turned  from  us;  but 
wdien  the  earth  is  between  the  fun  and  the  moon, 
we  then  call  it  full  moon,  the  whole  of  the  enlight- 
ened part  being  then  turned  towards  us. 

The  phafes  of  the  moon  are  clearly  exhibited 
in  this  infirument;  for  here  we  fee  that  half  which 
is  oppofitc  to  the  fun  is  always  dark,  while  that 
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^^hich  is  next  to  the  fun  is  white;  to  reprefent 
the  iliumtnated  part.  Ihus  when  it  is  new  moon^ 
you  will  fee  the  whole  white  part  next  the  funj 
and  the  dark  pan  turned  towards  the  earth,  flievv- 
ing  thereby  it’s  difappearance,  or  the  time  of  it’s 
conjunction  and  change:  on  turning  the  handle; 
a fmall  portion  of  the  white  part  will  begin  to  be 
feen  from  the  earth,  which  portion  will  incrcafe 
towards  the  end  of  the  7th  day,  when  you  will 
perceive  that  half  of  the  light,  and  half  of  the 
dark  fide,  is  turned  towards  the  earth,  thus  illuf- 
trating  the  appearance  of  the  moon  at  the  firft 
•quarter.  From  hence  the  light  fide  will  continually 
ihew  itfelf  more  and-more  in  a gibbous  torni,  till 
at  the  end  of  fourteen  days  the  whole  white’  fide 
will  be  turned  towards  the  earth,  and  the  dark 
lide  from  it,  the  earth  now  ftanding  in  a line  be- 
tween the  fun  and  moon  ; and  thus  the  inftrument 
cxplams  the  oppolition,  or  full  moon.  On  turn- 
mg  the  handle  again,  fome  of  the  fliadcd  part 
will  begin  to  turn  towards  the  earth,  and  the  white 
lide  to  turn  away  from  it,  decrealing  in  a gibbous 
form  till  the  lait  quaiter,  when  the  moon  will  ap- 
pear again  as  a crefeent,  which  flie  preferves  till 
Inc  fias  attained  another  conjunc^lionk  > 

In  this  lunarium  the  moon  has  ahvavs  the 
fame  face  or  lide  to  the  earth,  as  is  evident'  from 
the  fpots  delineated  on  the  furface  of  the  ivory- 
ball,  revolving  about  it’s  axis  in  the  courfc  of 
one  i^evolution  round  the  earth  j in  confcqucnce 
of  which,  the  light  and  dark  parts  ofthe^moon 
appear  permanent  to  us,  and  the  phafes  arc  fliewn 
as  they  appear  in  the  heavens. 

As  the  earth  turns  round  it’s  axis  once  in 

exhibit  every 

part  of  1 s furface  to  the  inhabitants  of  the 
•noon^^anditherefore  it’s  luminous  and  opake  parts 
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will  be  feen  by  them  in  conftant  rotation.  As 
that  half  of  the  earth  which  is  oppofed  to  the 
fun  is  alw’ays  dark,  the  earth  w ill  exhibit  the  fame 
phafes  to  the  lunarians  that  we  do  to  them,  only 
in  a contrary  order,  that  when  the  moon  is  new 
to  us,  we  fhall  be  full  to  them,  and  via'  verfa. 
But  as  one  hemifphcre  only  of  the  moon  is  ever 
turned  towards  us,  it  is  only  thofe  that  are  in 
this  hemifphcre  w ho  can  fee  us ; our  earth  will 
appear  to  them  always  in  one  place,  or  fixed  in 
the  fame  part  of  the  heavens  ; the  lunarians  in  the 
oppofite  hemifphcre  never  fee  our  earth,  nor  do 
we  ever  view  that  part  of  the  moon  which  they 
inhabit.  The  moon’s  apparent  diurnal  motion  in 
the  heavens  is  produced  by  the  daily  revolution  of 
our  earth. 

If  we  confider  the  moon  with  refpedt  to  the 
fun,  the  infirument  Ihews  plainly  that  one  halt 
of  her  globe  is  always  enlightened  by  the  fun ; 
that  every  part  of  the  lunar  ball  is  tinned  to  the 
fun,  in  the  fpace  of  her  monthly  or  periodical 
revolution;  and  that  therefore  the  length  of  the 
day  and  night  in  the  moon  is  alw’aj^s  the  fame, 
and  ec|ual  to  14I.  of  our  days.  When  the  fun  fets 
to  the  lunarians  in  that  hemifphere  next  the 
earth,  the  tcrreftrial  moon  rifes  to  them,  and  they 
can  therefore  never  have  any  dark  night ; while 
thofe  in  the  other  hemifphcre  can  have  no  light  by 
night,  but  what  the  fiars  afibrd. 

Of  The  Periodical  and  Synodical  Month. 

The  dificTcncc  between  the  periodical  month, 
in  which  the  moon  exactly  def:ribcs  the  ecliptic, 
and  the  fy nodical,  or  time  between  any  two  new 
moons,  is  here  rendered  very  evident.  To  fiiew 
thii'difierence,  obierve  at  any  new’  moon  her  place 
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In  the  ecliptic,  then  turn  the  handle,  and  when 
the  moon  has  got  to  the  fame  point  in  the  eclip- 
tic, you  will  fee  that  the  dial  (hews  27!  days* 
and  the  moon'has  finilhed  her  periodic  revolution.. 
But  the  earth  at  the  fame  time  having  advanced 
in  it’s  annual  path  about  27  degrees  of  the  eclip- 
tic, the  moon  will  not  have  got  round  in  a dire(5t 
line  with  the  fun,  but  will  require  28  days  and 
4 hours  more,  to  bring  it  into  conjundtion  with 
the  fun  again. 

Of  Eclipses  of  the  Sun  and  Moon. 

There  is  nothing  in  aftronomy  mo.re  worthy 
of  our  contemplation,  nor  any  thing  more  fub- 
lime  in  natural  knowledge,  than  rightly  to  com- 
prehend thofe  fudden  obfeurations  of  the  heavenly 
bodies,  that  are  termed  eclipfes,  and  the  accuracy 
with  which  they  are  now  foretold.  One  of  the 
chief  advantages  derived  by  the  prefent  generation 
from  the  improvement  and  diffufion  of  philofophy, 
is  delivery  from  unnecelTary  terror,  and  exemp- 
tion from  falfc  alarms.  The  unufual  appearances, 
whether  regular  or  accidental,  which  once  fpread 
confternation  over  ages  of  ignorance,  are  now  the 
recreations  of  inquifitive  fccurity.  The  funds  no 
more  lamented  when  it  is  eclipfed,  than  when  it 
fets ; and  meteors  play  their  corufeations  withoux 
prognoftic  or  prediction. ” 

We  have  already  obferved,  that  the  fun  is  the 
only  real  luminary  in  the  folar  fyhem,  and  that 
none  of  the  other  planets  emit  any  light  but  what 
they  have  received  from  the  fun  - that  the.hemi- 
fphere  which  is  turned  towards  the  fun  is  illumi- 
nated by  his  rays,  while  the  other  fide  is  involved 
in  darknefs,  and  projects  a fliadow,  which  arifes 
irom  the  luminous  body. 

O 2 


When 
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When  the  fliadow  of  the  earth  falls  upon  the 
moon,  it  caufes  an  cclipfe  of  the  moon;  when  the 
lliadow  of  the  moon  falls  upon  the  earth,  it  caufcij 
an  eclipfe  of  the  fun. 

An  eclipfe  of  the  moon,  therefore,  never 
happens  but  when  the  earth’s  opake  body  inter- 
pofes  between  the  fun  and  the  moon,  that  is,  at 
the  full  moon  ; and  an  cclipfe  of  the  fun  never 
happens  but  when  the  moon  comes  in  a line  be- 
tween the  earth  and  the  fun,  that  is,  at  the  new^ 
moon. 

From  what  w’c  have  already  feen  by  the  in- 
flrument,  it  appears  that  the  moon  is  once  every 
month  in  conjunction,  and  once  in  oppofition ; 
from  hence  it  would  appear,  that  there  ought  to 
be  two  eclipfes,  one  ot  the  lun,  the  other  of  the 
moon,  every  month;  but  this  is  not  the  cafe,  and 
for  two  reafons,  fii-ft,  becaufe  the  orbit  of  the 
moon  is  inclined  in  an  angle  of  about  5 degrees 
to  the  plane  of  the  ecliptic ; and  Iccondly,  be- 
caufe the  nodes  of  this  orbit  have  a progrcflivc 
motion,  which  caufes  them  to  change  their  place 
every  lunation.  Hence  it  often  happens,  that  at 
the  times  of  oppolition  or  conjundion  the  moon 
has  fo  much  latitude,  or  w hat  is  tne  lame  thing, 
is  fo  much  below  or  above  the  plane  of  the 
ecliptic,  that  the  light  of  the  fun  will  in  the  firft 
cafe  reach  the  moon,  w ithout  any  obflacle,  and 
in  the  other  the  earth  ; but  as  the  nodes  are  not 
fixed,  but  run  fuccelliveiy  through  all  the  figjis 
of  the  ecliptic,  the  moon  is  often,  both  at  the  times 
of  conjunction  and  oppolition,  in  or  very  near  the 
plane  of  the  ecliptic  ; in  thele  cafes  an  ecliple 
happens,  either  of  the  fun  or  moon,  according  to 
her  lituation.  d he  w hole  ot  this  is  rendered  clcai 
by  the  lunarium,  where  the  wire  projecting  from 


the  earth,  Ihcvvs 
or  C',en  with  the 


vvs  w hen  the  moon  is  above,  below', 
he  earth,  at  the  times  of  conjundion 
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and  oppofitlon,  and  thus  when  there  will  be,  or 
not,  any  eclipfes. 

The  didancc  of  the  moon  from  the  earth  varies 
fenfibly  with  refpcc^t  to  the  fun;  it  docs  not  move 
in  a circular,  but  in  an  elliptic  orbit  round  us,  the 
earth  being  at  one  of  the  foci  of  this  curve.  The 
longer  axis  of  the  lunar  orbit  is  not  always  di reded 
to  the  fame  point  of  the  heavens,  bur  has  a move- 
ment of  it’s  own,  w hich  is  not  to  be  confounded 
with  that  of  the  nodes;  for  the  motion  of  the  laft 
is  contrary  to  the  order  of  figns,  but  that  of  the 
line  of  apfides  is  in  the  fame  diredion,  and  returns 
to  the  fame  point  of  the  heavens  in  about  nine 
years.  This  motion  is  illuffrated  in  the  lunarium 
by  means  of  the  brafs  cllipfis  X Y,  wTich  is  car- 
ried round  the  earth  in  little  Icfs  than  nine  years; 
thus  fhewing  the  fituation  of  the  elliptical  orbit  of 
the  moon,  and  the  place  of  the  apogee  in  the 
ecliptic. 


Of  a new  Terrestrial  Globe,* 

And  of  a new  Apparatus  adapted  thereto,  for  Jolving, 
tn  an  eajy  and  natural  manner,  the  feveral  Pbe^ 
nomena  of  the  Sun,  Moon,  and  Earth, 

Though  globes  have  ever  been  confidcred  as 
the  bcft  inftruiiients  for.  conveying  general  ideas 
of  altronomy  and  geography,  yet  have  they  always 
been  mounted  m a way  that  miift  perplex  and 
confufe  the  learnei,  and  furnilb  hmi  with  ideas 
that  arc  altogether  falfe,  and  contrary  to  the  na- 
ture of  things. 

^3  That 


♦ The  tcrrcftrial  globe  wss  firfl  improved  by  mv  faihrr.  and 

tZ  i7a  r aflT’  "““"S  "icnd.un  and  l.orizou 

Here  accied  by  Mr.  Newman, 
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That  you  may  clearly  perceive  the  great  advan-r 
tages  of  a globe  mounted  like  that  before  you,  I 
fhall  firfl  point  out  a few  of  the  impertedions  of 
globes  mounted  in  the  comtnon  way^  and  how  very 
unfit  they  are  for  the  purpofes  ot  inlfruction. 

Now,  in  the  firlf  place,  what  is  redifying  a 
globe  thus  mounted,  but  a continual  abfurdity  ? 
for  to  redify  the  globe  to  any  particular  latitude, 
the  axis  of  the  earth  is  continually  fliifted  from 
0ne  falfe  pofition  to  another,  the  mind  of  the  pu- 
pil is  confufed,  and  he  with  difficulty  conceives, 
that  the  axis  of  the  earth  never  varies  it’s  pofition, 
but  always  preferves  the  fame  inclination  to  the 
plane  of  it’s  orbit. 

The  broad  paper  circle  of  the  common  globes 
is  defigned  to  reprefent  the  ecliptic  and  the  horizon  ; 
but  on  examination  you  will  find  it  reprefents  nei- 
ther the  one  nor  the  other.  Now  the  ecliptic  is  the 
apparent  path  of  the  fun,  to  v\hich  the  earth’s 
axis  always  makes  an  angle  of  66f  degrees  ; now 
by  fhifting  the  axis  of  the  globe,  to  rectify  for  the 
latitude,  this  circle  can  never  be  in  it’s  pofition  as 
ecliptic,  except  w'hen  the  axishs  at  66i  degrees,  and 
conlequently  cannot  be  ufed  as  the  ecliptic.  Now 
let  us  confider  it  as  the  horizon.  Now  every  place 
is  always  in  the  zenith  of  it’s  horizon,  and  th^  place 
and  horizon  always  move  together  ; but  in  the  com- 
mon globes  the  broad  paper  circle  is  only  the  hori- 
zon in  one  lituation,  that  is,  when  the  place  is  in  the 
Zenith';  after  having  redihed  the  globe  to  the  lati- 
tude, the  iTioment  you  move  the  globe,  the  broad 
paper  circle  is  no  longer  the  horizon.  Thus  is  it 
plain,  that  this  circle  cannot  with  propriety  be 
confidered  either  as  horizon  or  ecliptic.  As  if  it 
were  to  multiply  confufion,  a circle  is  laid  down 
on  the  terreflrial  globe  to  reprefent  the  ecliptic, 
,';nd  ufed  as  fuch  in  folving  problems  upon  the 

common 
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common  globes,  though  it  involves  the  pupil  in 
numerous  abfurdities  : thus  having  marked  the 
fun’s  place  in  the  ecliptic,  and  rc(!:tificd  the  globe 
to  the  latitude,  then  turn  the  globe,  and  the  fun 
and  earth  have  a diurnal  motion  together;  of  courfe, 
if  you  have  day  when  you  begin,  you  will  have  the 
fame  during  the  whole  twenty-four  hours.  Many 
other  errors  might  eafily  be  pointed  out,  but  thefe 
are  furticient  to  Ihew  you,  that  no  one  can  be  pro- 
perly taught  by  globes  fo  mounted.  I would  alfo 
ju(f  obferve  to  you,  that  the  ideas  of  a parallel, 
oblique,  and  right  fphere  are  abfurd,  with  refpedt 
to  the  globe  of  the  earth,  as  it  has  in  reality  buC 
one  poiition. 

The  globe  before  yo\^y  jig.  2,  pi.  13,  does  not 
hang  in  a frame  like  the  common  globes,  but  is 
mounted  on  a pedellal,  and  is  fupported  by,  and 
moveable  on,  an  axis  which  is  inclined  66i  degrees 
to  the  ecliptic,  and  of  courfe  is  always  parallel  to  the 
axis  of  the  earth,  fuppofing  the  path  of  the  globe  to 
be  parallel  to  the  ecliptic.  On  the  pededal,but  under 
the  globe,  is  a graduated  circle,  marked  with  the 
figns  and  degrees  of  the  ecliptic  ; adjoining  thereto 
is  a circle  of  months  and  days,  anfw  ering  to  every 
degree  of  the  ecliptic  ; within  this  circle  is  the 
fun’s  declination  for  every  day  of  the  month. 

There  is  a moveable  arm  A B,  which  being 
fet  to  the  day  of  the  month,  immediately  points 
cut  the  fun’s  place  in  the  ecliptic,  and  his  declina- 
tion. On  this  moveable  arm,  but  near  the  in-^ 
dex,  you  obferve  a pillar ; on  the  top  of  the  pillar  is* 
fixed  a fmall  ball,  through  which  alfeel  wire  palfes; 
to  reprefent  a ray  proceeding  from  the  center  of 
the  fun. 

Round  the  globe  is  a circle  to  reprefent  the 
horizon  of  any  place;  and  at  right  angles  to  this 
horizonj  is  fixid  a femicircle,  to  anfwer  for  a ge- 
'neral  meridian.  The  middle  point  of  this  femir 
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circle  anfwers  for  the  fituation  of  any  inhabitant 
on  the  earth,  for  which  reafon  a heel  pin  is  fixed 
over  the  middle  point  of  this  femicirclc. 

One  fuppofition  only  is  necefiary  for  perform- 
ing eA  ery  problem  with  this  globe  ; namely,  that  a 
fpherical  luminous  body  wdll  enlighten  one  half  of  a 
fpherical  opake  body,  and  confequently  that  a cir- 
cle at  right  angles  to  the  central  folar  ray,  and 
dividing  the  globe  in  half,  will  be  a terminator 
{hewing  the  boundaries  of  light  and  darknefs  for 
any  given  day. 

For  this  purpofc,  at  the  end  of  the  moveable 
arm  oppofite  to  the  fun,  there  is  a pillar,  from  the 
top  of  w hich  projects  a piece  to  carry  a circle  that 
furrounds  the  globe,  and  always  divides  it  into 
equal  portions,  feparating  the  enlightened  from  the 
dark  parts.  i8  degrees  behind  this  circle,  but 
parallel  thereto,  is  another  circle,  to  reprefent  the 
limits  of  twilight. 

'There  are  two  plates  under  the  globe,  wLiefi 
arc  turned  by  the  diurnal  revolution  thereof;  each 
of  them  is  divided  into  twice  twelve  hours  and 
parts  of  an  hour,  to  anfwer  for  the  hours  of  day; 
on  the  outfideare  laid  down  the  degrees  of  longi- 
tude for  every  hour  ; fo  that  thefe  circles  give  you 
at  fight  the  hour  of  the  day  or  night,  at  any  tw’o 
places  on  the  globe,  and  the  difierence  of  longi- 
tude correfponding  thereto. 

There  is  one  thing  more  relative  to  the  globe, 
which  renders  it  a planelary  globe  ; for  by  fetting 
this  pillar,  fg.  4>  the  place  of  any 

planet  in  the  ecliptic,  and  the  ball  to  the  latitude 
of  the  planet,  it  will  folve  all  problems  relative  to 
that  plai:et,  or  the  moon ; as  it  does  for  the  fun,  by 

rneans  of  a central  folar  ray. 

To  rcb/ify  this  globe,  fet  the  divifion  under  the 
reprefentative  inhabitant  over  the  given  place., 

T‘t  the  folar  index  to  the  day  of  the  month,  then 

turr\ 
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turn  the  globe  round  on  the  axis  till  the  meridian 
coincides  with  the  central  folar  ray,  and  the  hour  in- 
dex under  the  globe  to  XII;  and  this  globe  is  then 
in  the  pofition  of  our  globe,  with  refpedl  to  the 
fun  and  that  place,  ike. 

Place  the  inhabitant  on  the  weflern  fide  of 
the  terminator,  and  he  will  fee  the  fun  or  the  cen- 
tral foLir  ray  riling  in  the  horizon,  and  this  ray 
Will  mark:  thereon  the  fun’s  amplitude,  and  the 
hour  circle  gives  you^the  hour  and  minute  of  the 
fun’s  riling  on  that  day  and  place  ; turn  the  globe 
gradually  till  the  meridian  coincides  wdth  the 
central  folar  ray,  and  the  point  wdll  mark  out  the 
fun’s  meridian  altitude  for  that  day.  As  the  globe 
goes  on,  the  altitude  decreafes,  and  when  the  in- 
habitant is  arrived  at  the  other  fide  of  the  termi- 
nator, the  folar  ray  is  in  the  horizon,  and  points 
out  the  fun’s  amplitude,  and  you  have  the  time  of 
his  fetting  on  the  hour  circle.  If  you  proceed  to 
turn  the  globe  till  the  inhabitant  is  under  that  cir- 
cle, which  is  behind  the  terminator,  the  hour 
circle  gives  the  time  that  twilight  finifiies.  The 
fun’s  altitude  for  any  given  time  of  the  day,  is  ob- 
tained by  hopping  the  globe  when  the  index  points 
out  that  hour,  and  the  quadrant  of  altitude  over 
the  inhabitant,  and  then  bringing  it  to  the  central 
ray,  which  will  point  out  thereon  the  altitude  for 
that  hour. 

In  this  manner  you  may  folve  the  fame  quef- 
tions  for  any  other  place,  or  any  other  day,  alwavs 
obferving,  i.  To  fix  the  inhabitant  over  the  given 
place.  2.  To  fet  the  fun’s  annual  index  to  the 
given  day  of  the  month.  3.  To  bring  the  meri- 
dian to  the  central  folar  ray,  and  the  hour  index 
under  the  globe  to  Xll.  By  placing  the  fmall  pillar 
to  the  moon’s  place  in  the  ecliptic,  and  the  ball 
to  her  latitude,  the  fame  problems  may  be  folved 

‘ o.  . , at 
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at  the  fame  time  for  the  moorii  and  fo  refpcdivcly 
of  any  other  planet. 

By  this  globe,  a perfon  entirely  unacquaint- 
ed virh  agronomy,  may  in  a few  hours  acquire  a 
competent  notion  of  the  principal  phencmena, 
and  to  folve  the  greatefi:  part  of  the  mod:  intcr- 
eding  problems  concerning  the  fun,  moon,  and 
planets. 

Of  the  Celestial  Globe,  Fig.  3,  Plate  13. 

As  the  terreflrial  globe  is  mounted  to  corre- 
fpondexadly  with  the  globe  of  oureaith,  and  every 
problem  anfwered  as  they  arc  really  occaiioned  by 
the  annual  and  diurnal  motion  of  the  earth  ; lo  the 
celcftial  globe,  to  be  conformable  to  nature,  fnould 
be  as  nearly  as  poiTible  an  exadt  imitation  of  the 
heavens,  and  their  fitiiation  with  rtlpecl;  to  the 
earth ; which  is  far  from  being  the  cafe  with  the 
common  globes. 

To  make  the  cclcf  ial  globe  thus  conformable 
to  nature,  it  {hould  have  no  motion  ; the  appear- 
ances of  motion  in  the  firmament  arife  from  the 
diurnal  motion  of  the  earth  ; it  is  plain,  therefore, 
that  w'hatfoever  gives  a true  reprelentation  of  the 
heavens,  will  have  no  motion.  The  celcftial  globe 
before  you,  is  therefore  fixed  on  an  axis,  making, 
like  that  of  the  terreftrial  globe,  664  degrees  with 
the  plane  of  the  ecliptic;  and  the  ecliptic  on  this 
globe  exactly  coincides  with  the  fun’s  apparent 
path  round  the  earth.  All  probiems  concerning 
the  fun,  moon,  and  planets,  are  performed  by  the 
terrcllrial  ^lobe.  This'globe  needs  only  be  uied  lor 
the  fans,  and  one  or  two  problems  will  give  you  a 
futhcienr  idea  of  the  manner  of  lulving  all  that 
relate-  to  the  liars. 

Toji  ud  tb€  laliind''  and  longitude  of  a give Jlar, 

}''ind 
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Find  the  ftar  on  the  globe,  and  then  place?  the 
clip  on  the  ecliptic  place,  Hide  the  liderial  index 
till  it  is  exae^dy  over  the  liar,  and  the  latitude  is 
fliewn  on  the  arch,  and  the  longitude,  by  the  in-^ 
dex,  on  the  ecliptic. 

^0  find  the  rifing.  Jetting,  amplitude,  and 
ridian  altitude  of  the  fame  ftar.  Take  the  clip  from* 
the  celehial  globe,  and  put  it  to  the  fame  decree 
of  longitude  on  the  terrdlrial  ecliptic  plate;  turn 
the  globe  on  it’s  axis,  and  the  time  of  it’s  rifing 
and  fetting  is  immediately  pointed  out  by  the  hour 
index  ; it’s  amplitude  is  fliewn  on  the  horizon; 
it’s  meridian  altitude,  b/  the  meridian;  and  it’s  azi- 
muth and  altitude  for  any  hour,  by  applying  the 
quadrant  of  altitude  under  the  fideriai  index  for 
that  hoi.r. 


1 fnall  conclude  my  Ledlures  on  thefe  inflni^ 
vients  with  fome  obfervations  that  naturally  arife 
from  confidering  the  art  and  ingenuity  with  which 
they  are  conliruded.  For  when  we  fee  materials 
■working  with  an  art  and  contrivance  that  is  not 
in  their  nature,  we  are  at  once  convinced,  that  a 
fuperior  intelligence  has  been  concerned  in  their 
arrangement,  &c. 

. ^ nature,  whatever  hears  the  marks 

of  a wifdom  not  belonging  to  the  known  caufes 
producing  it,  may  be  properly  fliled  providential: 
tor  when  agents  void  of  wifdom  ad  wifely,  it  is 
plain  there  muft  be  fome  hand  to  condud  'them 
though  we  may  not  be  able  to  perceive  by  what 
piings  or  channels  of  communication  it  operates. 

1 here  wants,  therefore,  no  long  train  of  reafon- 
ing  to  lead  us  into  the  knowledge  of  a pnxndence. 
Fenet.ation  and  clofencfs  of  thought  have  no  fur- 
ther  ufe  m this  cafe,  than  to  difeover  the  fallacy 
of  thole  fophifms,  wherein  infidel  writers  en- 
dcavour  to  overcloud  the  moff  apparent  truths 
1 he  p.aiii  man  needs  no  aflillance  here  from  the 

philofophcr. 
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philofopher,  but  may  fay  to  him,  as  Diogenes  did 
to  Alexander,  “ Only  pleafe  to  lUnd  out  of  my 
lunibine.” 

Intelligence  is  manifefted  two  ways,  cither 
by  means  fupplied  to  anlwcr  the  end  we  conceive 
to  have  been  had  in  view  , though  we  do  not  difeern 
the  method  by  which  they  were  prepared;  or  clfc 
by  the  contrivance  apparent  in  productions,  though 
\vc  do  not  fee  w’hat  end  they  anfwer  : the  former 
more  particularly  give  us  the  difplay  of  providence, 
the  latter  of  the  wifdom  wherewith  it  is  admini- 
lie  red. 

If  you  faw  a houfeftored  with  furniture,  uten- 
fils,  and  victuals  ; the  gardens  planted  with  herbs 
and  fruit  trees;  the  grounds  hocked  with  cows, 
horfes,  deer,  and  poultry,  all  in  a manner  fitted 
for  the  entertainment  and  convenience  ot  a family; 
you  W’ould  certainly  conclude,  there  was  fomc 
mafler  who  had  taken  care  to  provide  for  the  ufes 
whereto  they  were  refpeCdively  proper.  Or  if  an 
Ignorant  perfon  w’ent  into  a room,  where  among 
i'cales,  weights,  compafles,  rules,  and  othqr  things  of 
common  ufe,  he  Ihould  find  quadrants,  theodolets, 
armillary  fphercs,  planetariums,  tclluiians,  &.c. 
ike.  of  whofe  Lifg,  as  well  as  of  the  figures  upon 
them,  he  was  entirely  ignorant ; yet  he  would 
know  without  being  told,  that  they  were  the  works 
of  fome  artificer  proceeding  with  fiull  and  con- 
trivance, and  who  made  them  foi  purpofes  woitliy 
the  care  with  wmich  tney  weie  finiined 

In  this  manner  we  confiantly  reafon  upon 
common  occaiions,  and  there  wants  only  a propci 
attention  to  lead  us  into  the  like  train  of  thinking 
upon  the  phenomena  of'  viiible  nature.  For  there 
you  may  perceive  ample  provifioii  made  in  vafi: 

variety  for  the  numerous  jamily  ot  Adam  ; corn, 

fruit. 


•Tucker's  Light  of  Natuie,  vo!.  3,  pai't  tj  ^9“’ 
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fruit,  herbs,  cattle  and  fowl,  for  our  fuflenancc ; wool, 
flax,  and  cotton,  for  our  cloathing;  drugs  and  fun- 
pies  for  our  relief;  air  for  our  breathing;  timber, 
llone,  lime,  and  brick-earth,  for  our  habitation  ; 
wood  and  coal  for  our  firing;^  beafts  of  burden  for 
our  afiiflance ; winds  to  purify  our  atmolphere,  to 
refrelh  our  heats,  and  waft  us  from  fiiorc  to  Ibore; 
variety  of  climates  and  foils  to  bear  us  a produce 
of  every  kind ; dews  and  rams  to  make  them  yield 
us  their  increafe.  The  fea,  that  original  fource 
of  water,  fo  neceflary  to  us  for  many  ufes,  ferves 
likewife  to  alfociatc  diflant  nations  by  opening 
the  communication  of  commerce.  Ihc  fun  dit- 
fufes  his  warmth  and  light  to  cherifli  us.  The 
diflant  ftars  guide  us  over  the  boundlefs  ocean, 
and  the  inhofpitable  dcfcrt;  extend  the  fields  of 
fcience  to  an  immenfity  of  fpace,  and  turn  the 
rugged  brow  of  night  into  a chcarful  feene  of  con- 
templation. 

Even  within  the  narrow  compafs  of  our  o-wn 
bodies ^ we  carry  about  no  inconfidcrable  florcs, 
without  which  we  could  not  receive  benefit  from 
thofe  around  us.  We  have  engines  of  digeftioa 
and  fecretion,  fprings  and  channels  of  circulation, 
limbs  for  inflruments  of  atiion,  bones  for  our  fup- 
poi*t  and  protedion,  organs  of  fpccch  for  our  mu- 
tual intercourfe.  What  a nuikirudc  of  velfeis, 
glands,  and  duds,  to  concodt  and  diflribute  our 
aliment!  What  artificial  flrudure  and  excellent: 
difpofit’on  of  mufcles  and  joints  to  ferve  for  in- 
feruments  of  ad  ion  ! What  ama^^ing  nicety  in 
the  organs  of  fenft  ! The  eye  with  her  humours 
and  coats  mathematically  arranged,  and  duly  pro- 
portioned one  among  the  other ; the  ear  in  wind- 
ing modulating  the  vibrations  of  air  into  founds 
the  nerves  in  imperceptible  threads  running  every 
where  through  the  iiclhy  parts,  yet  returning  their 
notices  Without  impediment  from  the  furcheft  ex- 

I ’ trcmitie*3 
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tremitics  of  our  limbs!  And  all  this  complicated! 
machine,  containing  an  infinitude  of  multiform 
works,  is  bound  up  in  a fmall  compafs,  yet  with 
fuch  ftupendous  fkill,  that  they  do  not  interfere 
with  each  other’s  operations,  nor  fall  into  difcord 
upon  our  motions ! 

We  have  appetite  to  Simulate,  fenfes  to  in- 
form, the  faculties  of  comparing,  diffinguifliing, 
judging  to  enlighten,  and  reafon  to  dired:  us.  In 
the  capacity  of  our  fenfes  and  affecHons,  w’e  have 
fources  of  pleafurc,  enjoyment,  and  innocent  mirth. 

In  the  multitude  of  the  objeds  of  creation, 
w'e  find  a provifion  made  and  fuited  to  our  various 
organs,  tafies,  and  faculties,  a fund  for  bodily  fup- 
port,  fubjeds  for  intelledual  inquiries  and  mental 
p-ratification.  Which  lhall  we  admire  niofi,  the 

O * . 

multitude  of  our  organs,  their  finifhed  form  and 
faultlefs  order,  or  the  power  which  the  mind  ex- 
ercifes  over  them?  Ten  thoufand  veins  are  put  into 
her  hands,  and  yet  fiie  manages  and  conduds  them 
all  without  the  leaf!  perplexity  or  irregularity, 
with  a promptitude,  a confifiency,  that  nothing 
elfc  can  equal;  touching  every  fpring  of  the  hu- 
man machine  with  the  moft  mafterly  fkill,  though 
file  knows  nothing  of  the  nature  of  her  infirument, 
or  the  procefs  of  her  operation. 

If  you  turn  your  eyes  upon  the  vegetable 
tribes,  you  perceive  them,  in  counticfs  multitudes 
of  trees,  llirubs,  weeds,  molTes,  &c.  each  grow- 
ing,  fpreading,  and  flourilhing,  by  laws  adapted  to 
it’s  own  kind;  and  all  w^orked  w'ith  fuch  cxadlnefs 
and  nicety  of  art,  as  the  greatefi  human  ingenuity 
could  not  imitate;  their  fap  veflcls  curioufly  woven 
within  the  fiem,  and  difperfed  among  the  roots 
and  branches ; their  leaves  wrought  finer  than 
needle-work.  1 he  fineft  works  of  the  loom  and 
the  needle,  when  examined  w'ith  a microfeope,  ap- 
pear fo  rude  and  coarfe,  that  a favage  might  be 
^ . alhamed 
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iifhamed  to  wear  them -/but  when  the  work  of  God 
!s  brought  to  the  fajne  tc(f,  we  fee  how  fibres, 
too  minute  for  the  naked  eye,  are  compofed  of 
others  (fill  more  minute;  and  thefe  again  of  others; 
till  the  primordial  threads,  or  hrlt  principle  of  the 
texture,  are  utterly  undifcernable ; w hile  the  whole 
fubftance  prefents  a celdtial  radiance  in  it’s  co- 
louring, as  if  it  were  intended  for  the  cloathing 
of  an  angel. 

Yet  are  thefe  w'onders  of  the  vegetable  w^orld 
furpaffed  by  thofe  of  the  animal,  whofe  frame  con- 
tains a more  complicated  machinery,  capable  of 
more  admirable  play : for  belides  the  engines  of 
growth  and  nutriment  analagous  in  both,  the  anU 
mal  is  furnifhed  with  organs  of  f^^nfation,  and  in- 
ftruments  of  adivity.  What  a richnefs  of  invention 
is  difplayed  in  the  variety  of  their  forms,  and 
the  diverfity  of  their  cloathing.— Nor  can  we 
help  remarking  thofe  furpriling  inflinds  that  fe- 
verally  guide  them  to  their  harbours,  their  foods, 
their  ways  of  breeding  and  prefervation,  inflrudl 
them  to  build  their  nelf,  to  make  their  comb, 
fpin  their  webs,  and  provide  for  the  future 
without  knowledge  of  their  wants. 

Nor  muff  we  omit  the  ufes  and  qualities 
afTigned  to  animals,  that  we  can  turn  commodi— 
oiifly  to  our  advantage;  we  have  not  to  fee k our 
wool  from  the  fierce  lion,  nor  want  the  untame— 
able  tyger  to  plow  our  grounds ; but  the  ox,  the 
horfe,  and  the  fiieep,  have  docility  and  manao-e- 
ablenefs  given  them  for  their  charaderififes. 
Creatures  faleable  in  the  market  are  more  prolific 
than  thofe  of  the  favage  kind.  Poultry  and  rab- 
bits keep  within  their  accuftomed  purlieus ; but 
nobody  knows  where  to  find  the  coarfe-grained 
heron,  or  the  worthlefs  cuckoo.^ 

O LorJ, 

* Rev.  W,  Jones’s  Sermons,  vol,  2,  p.  63. 
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O Lordy  how  manifold  -are  thy  works  ; in  wif 
dom  haft  thou  made  them  all ; the  earth  is  full  of 
thy  riches  ! All  creatures  wait  upon  thee^  that  thou 
mayeft  give  them  their  meat  in  due  feafon.  PVhen 
thou  gi'Vefl  it  them  they  gather  ity  and  when  thou 
openeft  thine  hand  they  are  filled  with  good.  How 
great  and  beautiful  is  this  ideal  The  hand  of  man 
fcatters  food  to  the  few  creatures  that  are  about  him  ; 
but  when  the  hand  of  God  is  opened^  a world  is  fed 
and  fatisfted.* 

Endlefs  are  the  inf^ances  which  might  be  here 
brought  forwards  as  evidences  of  a fuperintending 
providence.  1 lhall  however  only  mention  another 
inftance,  namely,  that  of  adapting  caufes,  adi ng 
blindly  through  a long  feries  of  operation,  yet  ac- 
ting with  fuch  wonderful  exadnefs,  that  things  are 
brought  into  the  fame  admirable  order,  as  if  each 
had  been  aded  on  immediately  by  an  intelligent 
hand.  This  inftance  is  of  fuch  importance,  fo 
heightens  our  idea  of  the  contrivance  of  the  AU 
mighty y and  at  the  fame  time  fo  elfedually  over- 
turns many  of  the  objections  of  minute  philoiopheis, 
that  1 lhall  endeavour  to  place  it  before  you  in  a 
ftrong  and  clear  light. 

Every  one  is  fenfible  that  there  is  much  con- 
trivance and  art  in  a common  watch ; not  that  he 
thinks  that  there  is  any  Ihill  or  underftanding  in 
the  parts  thereof,  combining  to  point  out  the  hour 
and  minute;  for  he  know’s  that  all  their  movements 
follow  necelfarily  from  the  number  of  the  teeth, 
their  fituation,  btc.  and  that  the  numbers  mull:  have 
been  calculated,  the  form  given  to  the  teeth,  (Xc, 
&c.  by  fome  Ikilful  artilt.  Now  fuppofe  him 
carried  down  into  a mine,  where  he  found  an  en- 
gine that  coileded  the  metallic  paiticles  from  their 
^ ores. 
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ores,  worked  them  up  into  fprings,  and  wheels,  and 
dial  plates,  and  hands ; and  difpofed  them  fo  as  to 
form  a perfed  watch,  all  by  a mechanical  opera- 
tion; he  will  alter  his  opinion,  and  fland  convin- 
ced, that  watches  might  be  made  without  hands, 
by  a blind  mcchanifm,  proceeding  without  thought 
Or  contrivance  of  the  work  it  performed.  But 
though  he  loft  his  idea  of  ingenuity  being  requifite 
for  making  watches  upon  feeing  them  generated  by 
mechanical  caufes,  he  would  be  fatisfied,  ci  luucfj 
greater  muft  have  been  employed  in  conftrudling 
the  engine,  than  he  had  judged  needful,  while  he 
confidered  them  as  made  by  hand,  with  hammers, 
files,  pincers,  and  other  inftruments  of  the  trade. 

It  rnay  be  here  objeded,  that  this  is  a romantic 
fuppofition,  for  that  nobody  ever  faw  an  engine 
that  will  make  watches.  This  is  true,  nobody  ever 
yet  faw  fuch  an  engine,  nor  I believe  ever  will;  for 
it  would  require  much  greater  fkill  to  contrive, 
than  the  fons  of  men  are  mafters  of : neverthelefs 
we  have  all  Jeen  engines  that  have  brought  to  per^ 
fe^ion^  work  more  curious  and  admirable. 

Examine  a fruit  or  a feed,  and  you  will  find  it 
nicely  enveloped  in  feveral  teguments,  furniftied 
with  fibres  and  juices  ranged  in  their  exad  order 
provided  vith  fprings  capable  of  expanding  into 
Item,  branches,  and  leaves,  of  one  particular  form 
and  contexture.  The  plant  that  bears  it,  may  be  con- 
lidered  as  an  engine,  fitted  with  roots  to  <rather  the 
nutritious  particles  from  the  earth;  fap'vefTels  to 
concoft  and  circulate  the  juices;  twigs  to  work 
them  into  a bud  or  flower,  for  perfeding  this  fur- 
prizing  machine.  ° 

Confidcr  the  body  of  a fow  1,  w’hat  an  abun- 
dance  ot  w'ork  it  contains,  adapted  for  carrying  on 
the  bufinefs  ot  digeftion.  circulation,  and  anfma" 
motion,  m greater  art  and  variety  than  any  clo-k.. 

work  that  ever  yet  was  made  by  human  con^ri- 

VoL.  IV.  p „ 

^ Vance. 
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vancc.  What  then  is  an  egg,  but  an  engine  con- 
flruded  to  fafhion  all  thefe  complicated  works,  and 
arrange  them  in  their  proper  order  ? or  what  elfe 
the  matrix  of  the  parent  bird,  befides  another  en- 
gine contrived  for  making  eggs  ? 

Indeed  the  whole  fyffem  of  nature  may  be 
confidered  as  a ftupendous  engine,  containing,  be- 
fides  the  works  appropriated  to  the  generation  of 
organized  compolitions,  a countlefs  multitude  of 
others,  properly  fitted  and  difpofed  to  allilf  in  car- 
rying on  the  plan  of  vegetation  and  vital  engines, 
all  confpiring  in  their  fevcral  to  carry  on  the 
o-eneral  plan  of  divine  providence. 

^ If  you  confider  this  matter  properly,  you  will 
foon  be  convinced,  that  this  prolific  principle  is 
not  from  the  feed,  nor  from  the  fun,  but  from 
God  the  Creator,  and  that  not  only  when  created 
at  firlf,  but  continually  afterwards;  for  Jupport 
is  perpetual  c\:Q^x.\oT\y  as  fubfiflence  is  perpetual  ex- 
igence. . , . , ^ 

Each  of  the  links  that  compofe  the  mighty 

chain  of  nature,  while  it  connects,  illullrates  thofe 
that  border  next  upon  it,  and  difplays  t\\c 
of  the  Creator  both  in  it’s  own  frame  and  iiatc, 
and  the  connections  it  holds  with  the  orders  above 


and  below  it.  , n c 

The  continued  fupport,  the  conftant  preferva- 

-tion,  and  repeated  renovation  of  creatures  both 

rational  and  irrational,  animate  and  inanimate; 

their  reo;ulararrangcmcnt,andpad:  adaption  to  their 

refpeCtiXx' fituarions,  evince  a ruling  government 
and  fupreme  governor,  and  that  the  whole  uni- 
verfe  of  being  is  connedted,  comprehended,  and 
pervaded  by  the  inRuence  of  our  God 
^ You  will  hence  alfo  perceive  the  error  ot 
thofe  who  refolvc  nature  into  mere  n^echanical 
operations,  as  if  nature  could  operate  ot  her 
to  pioducc  effeeVs:  tor  you  have  feen  « deag 
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proved,  that  there  is  no  operation  in  nature;  but 
what  is  carried  on  under  the  influence  and  direc- 
tion of  the  Supreme  Being;  that  there  is  no  infe- 
rior agent  but  what  is  fubjedl  to  the  controul  of 
a merciful  and  all  wife  God,  the  real  and  living 
operator  by  the  fubjedfs  of  the  material  world. 

As  well  might  you  fuppofe  light  and  heat 
equally  and  regularly  difpenfed,  as  at  prefent,  with. 
fun  and  Ifars  in  mid-fea  funk,”  as  to  fuppofe  na- 
ture living  without  a principle  of  life  and  being 
flowing  from  no  fountain.  The  whole  feries  of 
caufes  and  elfedls  proves,  that  nature  has  no  will, of 
it’s  own  to  guide  it’s  motions  or  difedt  it’s  courfes. 
Does  the  fun  know  when  to  rife  ? or  does  the  fea 
preferibeto  itfelf  it’s  juft  limits  hOw  far  it  fhall  go, 
and  no  farther  ? 

The  more  you  contemplate  the  vaff  concur- 
rence of  caufes  that  join  in  producing  the  feve- 
ral  operations  of  nature,  the  more  eafily  will  you 
be  ready  to  believe  with  Plato,  that  the  whole 
world  is  one  tiffue  of  caufes  and  effects,  W'herein 
nearly,  or  remotely,  every  thing  has  an  influence 
upon  every  thing ; and  thence  conclude,  that  the 
young  ravens  are  fed,  and  the  lilies  of  the  field 
arrayed  in  the  glory  of  Solomon,  by  divine  provifion; 
and  that  of  two  fparrow^s  which  arc  fold  for  a 
farthing,  not  one  of  them  fallcth  to  the  ground, 
not  a hair  is  lofl  out  of  the  number  upon  our  heads^ 
without  the  permiflion  or  appointment  of  our 
Heavenly  Father. 


? 
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LECTURE  XLIV. 

Of  the  Fixed  Stars. 


No  part  of  the  univerfe  gives  fuch  enlarged 
ideas  of  the  ilrudiure  and  magnificence  of  the  hea- 
vens^  as  the  consideration  of  the  number,  magni- 
tude, and  diftance  of  the  fixed  liars 

We  admire  indeed,  with  propiiety,  the  vafl 
bulk  of  our  own  globe  ; but  when  we  confider  how 
much  it  is  furpaiTcd  by  mod  of  the  heavenly  bo- 
dies, what  a*  point  it  degenerates  into,  and  how 
little  more  even  the  vafl  orbit  in  which  it  revolves 
would  appear,  when  fecn  from  fome  of  the  fixed 
flars,  we  begin  to  conceive  more  jull  ideas  of  the 
extent  of  the  univerfe,  and  the  boundaries  of 


creation.  ^ ^ n.  c u 

The  mod  confpicuous  and  brighted  ot  the 

fixed  dars  of  our  horizon  is  Sirius.  The  earth,  in 
moving  round  the  fun,  is  190  millions  of  mi  es 
nearer  to  this  dar  in  one  part  ot  it’s  orbit,  than  in 
the  oppofitc  ; yet  the  magnitude  of  the  dar  does 
not  appear  to  be  in  the  lead  altered,  or  its  dll'?- 
tance  affeded  by  it  ; fo  that  the  dillance  o ^ ^ 
fixed  dars  is  great  beyond  all  computation,  i e 
unbounded  fpace  appears  filled  at  proper  didances 
with  thefe  dars,  each  of  which  is  probably  a lun, 
with  attendant  planets  rolling  round  it.  In  this 
view,  what,  and  how  amazing,  is  the  drudure  ot 

the  univerfe  1 , 1 i u r 

Though  the  fixed  dars  arc  the  only  marks  by 

which  aitronomers  arc  enabled  to  judge 

courfc  of  the  moveable  ones,  and  we  have 
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their  relative  pofitions  do  not  vary  ; yet  this  afler- 
tion  muft  be  confined  within  fome  limits,  for  many 
of  them  are  found  to  undergo  particular  changes, 
and  perhaps  the  whole  arc  liable  to  fome  peculiar 
motion,  which  conne(5ls  them  with  the  univcrfal 
fyilem  of  created  nature.  Dr.  Herfchel  even  goes 
fo  far  as  to  fuppofe,  that  there  is  not,  in  ff  ridlnefs 
of  fpeaking,  one  fixed  fiar  in  the  heavens  ; but 
that  there  is  a general  motion  of  'all  the  ftarry 
fyfiems,  and  confequently  of  the  folar  one  among 
the  reft. 

There  are  fome  ftars,  whofe  fituation  and  place 
were  heretofore  known,  and  marked  with  pre- 
cifion,  that  are  no  longer  to  be  feen ; new  ones 
have  alfo  been  difeovered,  that  were  unknown  to 
the  ancients,  while  numbers  feem  gradually  to 
vanifh.  There  are  others  which  are  found  to  have 
a periodical  increafe  and  decreafe  of  magnitude  ; 
and  it  is  probable,  that  the  inftances  of  thefe  chan- 
ges would  have  been  more  numerous,  if  the  an- 
cients had  poflefted  the  fame  accurate  means  of 
examining  the  heavens,  as  are  ufed  at  prefent. 

New  ftars  offer  to  the  mind  a phenomenon 
more  furprizing,  and  lefs  explicable,  thanaJmoft 
any  other  in  the  fcience  of  aftronomy;  I fliall 
feledl  a few  inftances  of  the  more  remarkable  ones, 
for  your  inftrtuftion  : a confideration  of  the  chan- 
ges that  take  place,  at  fo  immenfe  a diftance  as 
the  ftars  are  known  to  be  from  you,  may  elevate 
your  mind  to  confider  the  immenlity  of  his  power, 
who  regulates  and  governs  all  thefe  wide  extend- 
ed motions  ; “ who  hath  meafured  the  waters  in 
the  hollow  of  his  hand^  Rnd  meted  out  heaven 
withafpan.” 

Who  turns  his  eye,  on  nature’s  midnight  face. 

But  must  inquire What  hand  behind  the 

feene, 
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What  Arm  almighty,  put  thefe  wheeling  globes 
In  motion,  and  wound  up  the  vaft  machine?” 

It  was  a new  flar  difcovered  by  Hipparchus, 
the  chief  of  the  ancient  aftronomers,  that  induced 
him  to  compofe  a catalogue  of  the  fixed  fiars,  that 
future  obfervers  might  learn  from  his  labours,  whe- 
ther any  of  the  known  fiars  difappeared,  or  new 
ones  were  produced.  The  fame  motives  engaged 
the  illufirious  Tycho  Brahe  to  form,  with  unre- 
mitting labour  and  afiiduity,  another  new  catalogue 
of  the  fiars. 

Of  new  fiars,  the  firfi  of  which  w^e  have  ft 
good  account,  is  that  which  was  difcovered  in  the 
confiellation  of  Calfiopca,  in  the  month  of  Novem- 
ber of  the  year  1572,  a time  when  afironomy  was 
fufficiently  cultivated,  to  enable  the  afironomers 
to  give  the  account  with  precifion.  It  remained 
vifible  about  fixteen  months ; during  this  time,  it 
kept  it’s  place  in  the  heavens,  without  the  lead: 
variation.  It  had  all  the  radiance  of  the  fixed 
fiars,  and  twinkled  like  them ; and  was  in  all  re- 
fpc61s  like  vSirius,  excepting  that  it  furpafled  it 
in  brightnefs  and  magnitude.  It  appeared  larger 
than  Jupiter,  who  was  at  that  time  in  his  perigee,* 
and  was  fcarcc  lefs  bright  than  Venus, 

It  was  not  by  degrees  that  it  acquired  this 
diameter,  ‘ but  fiione  forth  at  once  of  it’s  full  fize 
and  brightnefs,  as  if  of  infiantaneous  creation.  It 
continued  about  three  weeks  in  full  and  entire 
fplendor,  during  which  time  it  might  be  feen 
even  at  noon  day,  by  thofe  who  had  good  eyes, 
and  knew  where  to  look  for  it.  Before  it  had 
been  feen  a month,  it  became  vifibly  fnialler,  and 
from  thence  continued  diminifliing  in  magnitude 
till  March,  1574,  w^hen  it  entirely  difappeared. 
As  it  decreafed  in  fize,  it  varied  in  colour;  at 
firfi,  it’s- light  was  white,  and  extremely  bright; 


On  Astronomy. 


2 I 5 

it  then  became  yellowifli,  afterwards  of  a ruddy 
colour,  like  Mars  ; and  finiflied  with  a pale  livid 
white,  refembling  that  of  Saturn. 

In  I <96,  Fabricius  obferved  a new  ftar  in  the 
neck  of  the  Whale:  he  firft  Fiw  it  in  Augulf,  and 
it  difappcared  in  October  of  the  fiime  year.  In 
16^7,  Phocyllides  Holwarda  obferved  it  again, 
and  not  knowing  that  it  had  been  feen  before, 
took  it  for  a new"  difcovery  : he  watched  it’s  place 
in  the  heavens,  and  faw  it  appear  again  the  luc- 
ceeding  year,  nine  months  after  it’s  difappear- 
ance.  It  has  been  fince  found  to  be  every  year 
very  regular  in  it’s  period,  except  that  in  1672  it 
was  milled  by  Hevelius,  and  not  feen  again  till 
3676.  Bullialdus  having  compared  together  the 
obfervations  which  had  been  made  of  it  from 
1638  to  1666,  determined  the  periodical  time 
between  this  flar’s  appearing  in  it’s  greatelf 
brightnefs,  and  returning  to  it  again,  to  be  333 
days;  obferving  further,  that  this  ftar  did  not  ap- 
pear at  once  in  it’s  full  magnitude,  or  bright- 
nefs, but  by  degrees  arrived  at  them.  He  alfo 
framed  an  hypothefis,  to  account  for  thefc  periodic 
changes. 

Three  changeable,  or  rc-apparent  ftars  have 
been  difeovered  in  the  conftellation  of  the  Swan  ; 
the  firft  was  feen  by  Janfonius,  in  i6qo;  the 
fecond  was  difeovered  in  1670;  the  third  by  Kir- 
chius,  in  1686. 

In  the  latter  end  of  September,  1604,  a new^ 
ftar  was  difeovered  near  the  heel  of  the  right  foot 
of  Serpentarius.  There  were  in  that  part  of  the 
heavens,  at  that  time,  the  three  fuperior  planets, 
which  fo  engaged  the  attention  of  aflronomers, 
that  no  appearance  thereabouts  could  have  long  cf- 
caped  them.  Kepler,  in  deferibing  it,  fays,  that  it 
wasprecifely  round,  without  any  kind  of  hair,  or 

P4  tail; 
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tail ; that  it  was  exadlly  like  one  of  the  ftars,  ex- 
cept that  in  the  vividnefs  of  it’s  kihre,  and  the 
quicknefs  of  it’s  fparkling,  it  exceeded  any  thing 
he  had  ever  feen  before.  It  was  every  moment 
changing  into  fome  of  the  colours  of  the  rainbow, 
as  yellow y orangey  purple y and  red ; though  it  was 
generally  white y when  it  was  at  fome  diftance  from 
the  vapours  of  the  horizon.  Thofe  in  general  who 
faw  it,  agreed  that  it  was  larger  than  any  other  fix- 
ed ftar,  or  even  any  of  the  planets,  except  Venus : 
it  preferved  it’s  luftre  and  fize  for  about  three 
• weeks ; from  this  time  it  grew  gradually  fmaller. 
Kepler  fuppofes  that  it  difappeared  fome  time  be- 
tween Oe%bcr,  1605,  and  the  February  following, 
but  on  w'hat  day  is  uncertain. 

Befides  thefe  feveral  re-apparent  ffars,  fo  wtU 
characterized  and  eftablifhed  by  the  earlieft  among 
the  modern  affronomers,  there  have  been  many  dif- 
covered  fmcc,  by  Caffini,  Maraldj,  and  others  ; 
Mr.  Montanere  fpeaks  of  having  obferved  above 
one  hundred  changes  among  the  fixed  flars. 

Proper  Motion  of  the  Stars. 

I 

Many  flars  have  been  found  to  alter  their  po- 
rtion with  refpk^l  to  thofe  to  which  they  were 
adjacent,  and  this  change  of  pofition  has  been 
termed  the  proper  motion  of  the  Jlars. 

The  proper  motion  of  Sirius,.  Caflor,  Procyon, 
Pollux,  Regtilus,  Arcturus,  and  Aquilae,  in  100 
years  in  right  afcenfion,  are  refpeClivcly,  i minute, 
3 feconds  ; i minute,  28  feconds  ; i minute,  33  fe- 
conds ; 41  feconds;  2 minutes,  20  feconds;  and  57 
feconds.  The  proper  motion  of  Sirius  in  declination, 
in  a century,  is  2 minutes;  and  of  Arc^lurus  is  3 
minutes,  21  feconds,  both  tending  to  the  fouth. 

The  apparent  brightnefs  of  fome  of  the  fixed 

flars  is  obferved  to  be  periodic.  The  ftar  Algol, 

iii 
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in  Medufa’s  head,  has  been  obferved  long  fincc  to 
appear  of  difi'erent  magnitudes,  at  different  times. 
'I'he  period  of  it  has  been  lately  fettled  by  J,  Good- 
rick,  Efq.  of  York.  It  periodically  changes  from 
the  firft  to  the  fourth  magnitude;  the  time  em- 
ployed from  one  greatefl  diminution  to  the  other, 
was,  anno  1783,  at  a mean  2 days,  20  hours,  49  mi- 
nutes, 3 feconds.  I'he  changes  are  thus:  during 
four  hours  it  gradually  diminifhesin  luffre;  during 
the  fucceeding  four  hours,  it  recovers  it’s  firfl:  mag- 
nitude by  a like  gradual  increafe  ; and  during  the 
remaining  part  of  the  period,  namely,  2 days,  12 
hours,  49  minutes,  3 feconds,  it  invariably  pre- 
ferves  it’s  greatefl  luilre ; after  the  expiration  of 
which  term,  the  diminution  again  commences. 

The  caufes  of  thefe  appearances  cannot  be  af- 
figned  at  prefent,  with  any  degree  of  probability  ; 
perhaps  they  have-  fome  analogy  to  the  fpots  on  the 
fun,  which  at  fome  times  appear  in  greater  - num- 
bers than  al  others,  fome  of  them  bigger  than  the 
whole  earth  ; or  perhaps  they  are  owing  to  fome  real 
motions  of  the  ffars  themfelves. 

There  are  feveral  flats  that  appear  fingle  to 
the  naked  eye,  which  arc,  on  examination  with  a tclc- 
fcope,  found  to  conliil  of  tw’o,  three,  &c.  The 
number  of  double  flats  obferved  before  the  time  of 
Dr.  Herfchel,  was  but  fmall  ; but  this  celebrated 
aftronomer  has  noted  upwards  of  four  hundred  ; 
among  thefe,  fome  that  are  double,  others  that 
are  treble,  double  double,  quadruple,  double  treble, 
and  multiple;  his  catalogue  gives  the  comparative 
fize  of  thefe  ffars,  their  colour  as  they  appeared  to 
him,  with  feveral  other  very  curious  particulars. 

HeRSCHEL  on  TilE  CoNSl'RUCTION  OF  THE 

Universe. 

Before  I leave  the  fubjccl  of  the  fixed  flats, 
} lhall  endeavour  to  give  you  an  account  of  Dr. 

Herfchel 's 
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Hcrfchel’s  ideas  of  the  coiiitrudion  of  the  univerfe. 
Former  afironorners  had  luppofcd,  that  our  fun, 
belides  occupying  the  center  of  his  own  fyftem, 
was  alfo  the  center  of  the  iiniverfe;  and  that  the 
iiderial  heavens  might  be  properly  reprefented  on 
the  concave  furface  of  a fphere : but  thefe  are  ill 
adapted,  fays  the  Dodbor,  for  a delineation  of  the 
interior  parts  of  the  heavens.  Being  able  to  pene- 
trate into  thefe  regions  by  means  of  large  tele- 
fcopes,"*^'  we  may  now  confider  them  as  a naturalifl: 
regards  a rich  extent  of  ground,  or  a chain  ot 
mountains,  containing varioufly  inclined  and 
directed^  and  compofeci  of  very  different  materials. 
Lie  gives  fbong  reafons,  deduced  from  a feries  of 
obfervations,  as  well  as  confiderations  drawn  from 
analogy,  to  prove  that  the  vifible  fyftem  of  nature, 
which  we  call  the  univer/Cy  confiding  of  all  the  ce- 
leftial  bodies,  and  many  more  than  can  be  feen  by 
the  naked  eye,  is  only  a group  of  flars,  or  funs,  with 
their  planets,  conffituting  one  of  thofe  patches  cal- 
led a nebula;  and  this  is,  perhaps,  not  one  ten 
thoufandth  part  of  the  univerfe. 

Dr.  Herfchel  found  that  his  large  telefcope 
completely  refolved  the  whitidi  appearance  of  the 
Via  Ladfea  into  ffars.  Having  viewed  and  guaged 
this  bright  zone  in  all  direclions,  he  found  it  com- 
pofed  ol  fhining  liars,  whofe  number  conflantly  in- 
creafes  and  diminiilies,  in  proportion  to  it’s  appa- 
rent brightnefs  to  the  naked  eye.  There  is,  lays 
he,  no  doubt  but  that  the  milky  way  is  a mod  ex- 
tend vc  ftratum  of  dars  of  various  dzes,  and- that 
our  fun  is  one  of  the  heavenly  bodies  belonging  to 
it. 

7'he  portion  of  the  milky  way  that  he  drd 
obferved,  was  that  about  the  hand  and  club  ol 

Orion ; 

* Dr.  Ilcrfchers  obfervations,  on  which  tin's  theory  is  found- 
ed. were  made  with  a Newtonian  refltdor,  qf  20  feet  focal 
h I glh,  and  an  aperture  of  i8  inches. 
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Orion;  here  he  found  an  aflonifliing  multitude  of 
ftars,  which  he  attempted  to  number;  by  eftimat- 
ing  the  number  contained  in  the  field  of  his  tele- 
fcope  at  once,  and  computing  from  a mean  of  thefe, 
how  many  might  be  contained  in  a given  portion 
of  the  milky  way,  in  the  mod  vacant  places  about 
■that  part,  he  found  63  dars;  other  fix  fields  con- 
tained no,  60,  70,  90,  70,  and  74  dars  ; a mean 
of  thefe  gives  79  for  the  number  of  dars  in  each 
field:  fo  that  allowing  15  minutes  for  the  diameter 
of  his  field  of  view',  a belt  of  15  degrees  long,  and 
!2  degrees  broad,  could  not  contain  lefs  than  50,000 
dars,  large  enough  to  be  didindtly  numbered  ; be- 
fides  which,  he  fufpeeded  twice  as  many  more, 
w'hich  could  be  feen  only  now  and  then  by  faint 
glimpfes,  for  want  of  fufficient  light. 

It  is  very  probable,  that  the  great  dratum,  cal- 
led the  milky  way^  is  that  in  which  the  fun  is 
placed,  though  not  in  the  very  center  of  it’s  thick- 
nefs.  This  is  gathered  partly  from  the  appear- 
ance of  the  galaxy,  which'  feems  to  encompafs 
the  whole  heavens,  as  it  certainly  mud  do,  if  the 
fun  is  within  the  fame.  For,  fuppofe  a number 
of  dars  arranged  between  two  parallel  planes,  in- 
finitely extended  every  way,  but  at  a given  con- 
fiderable  didance  from  each  other,  and  calling 
this  a fiderial  ftratumy  an  eye  placed  fomewhere 
W'ithin  it,  will  fee  all  the  dars  in  the  direction  ot 
the  planes  of  the  dratum  projeeded  into  a great 
circle,  which  will  appear  lucid  on  account  of 
the  accumulation  of  the  dars ; while  the  red  of 
the  heavens,  at  the  ddes,  w’ill  only  feem  to  be 
fcattered  over  wdth  condellations,  more  or  lefs 
crowded,  according  to  the  didance  of  the  planes, 
or  numbers  of  the  dars,  contained  in  the  thicknefs 
or  ddes  of  the  dratum. 

If  the  eye  were  placed  without  .the  dratum, 
but  at  no  very  great  didance,  the  appearance  of 

;he 
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the  ftars  within  it  would  alTume  the  form  of  one 
of  the  IcfTer  circles  of  the  fphcrc : which  would 
be  more  or  Icfs  contracled,  according  to  the  dif- 
tance  of  the  eye  : if  this  vvas  exceedingly  increafed, 
the  whole  ftraturn  might  at  lafl:  be  drawn  into  a 
lucid  fpot  of  any  fhape,  according  to  the  pofition, 
length,  and  height  of  the  ftratum.  What  has 
been  inftanced  in  parallel  planes,  may  be  eafily 
applied  to  ftrata  irregularly  bounded,  and  running 
in  various  direc^tions ; and  thus  any  kind  of  cur- 
vatures, as  well  as  various  degrees  of  brightnefs, 
may  be  produced  in  the  projection. 

From  appearances,  he  infers  that  the  fun  is 
placed  in  one  of  the  great  drata  of  the  fixed  ftars, 
and  very  probably  not  far  from  the  place  where 
fome  fmaller  ftraturn  branches  out  from  it.  Such 
a fuppofition  accounts  for  all  the  phenomena  of 
the  milky  way  with  great  eafe  and  firnplicity, 
while  every  ftar  in  the  dratum  will  have  it's  owm 
galaxy,  with  only  fuch  variations  in  form  and 
iuftre,  as  may  arife  from  their  particular  fituation. 

There  is,  fays  Dr.  Herfchel,  a remarkable 
clearnefs  and  purity  in  the  heavens,  when  we  look 
out  of  our  dratum  at  the  ddes,  that  is,  towards 
Leo,  Virgo,  and  Coma  Berenices,  on  one  fide,  and 
towards  Cetus  on  the  other ; whereas  the  ground 
of  the  heavens  becomes  troubled,  as  W'e  approach 
towards  the  length  or  heigiit  of  it.  Thefe  troubled 
appearances  are  eafily  to  be  e^lained,  by  aferib- 
ing  them  to  fome  of  the  dida^nt  draggling  dars, 
that  hardly  yield  light  enough  to  be  didinguifhed  ; 
but  when  we  look  towards  the  pole  of  our  fydem, 
where  the  vifual  ray  does  not  graze  along  the  fide, 
the  draggling  dars  of  courfe  wdl  be  very  few  in 
number,  and  therefore  the  ground  of  the  heavens 
will  appear  much  purer  and  more  clear. 

Dr.  flerfchel  points  out  the  methods  where- 
by the  fun’s  place  in  the  fiderial  dratum  may  be 

afeertained. 
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afcertaincd,  but  thefc  demand  more  previous  know- 
ledge than  is  nccelTary  in  an  introducftory  Lcdlure 
like  the  prefent.  After  this,  he  lays  down  fome 
fuppofitions  on  the  fubjedl,  taking  a point  of  view 
at  a very  remote  period  of  time,  and  an  immenfe 
diftance  of  fpace  ; thefe  for  the  fame  reafon  we 
fliall  leave  untouched,  and  proceed  to  his  view  of 
the  heavens  from  our  own  retired  ftation,  in  one 
of  the  planets,  attending  to  a ftar  in  it’s  great 
combination  with  numberlefs  others;  and  in  order 
to  invelligate  what  will  be  the  appearances  from 
this  contraded  fitualion,  let  us  begin  with  the 
naked  eye. 

The  liars  of  the  fird  magnitude,  being  in  all 
probability  the  neared,  will  furnidi  us  wdth  a dep 
to  begin  the  fcale.  Setting  od;  therefore,  with 
the  didance  of  Sirius  or  Ardlurus,  for  indance, 
as  unity,  we  lhall  at  prefent  fuppofe,  that  thofe 
of  the  fecond  magnitude  are  at  double,  thofe  of  the 
third  at  treble  the  didance.  See.  Taking  it  for 
granted,  then,  that  a dar  of  the  feventh  magni- 
tude (the  fmalled  vifible  to  the  naked  eye)  is 
about  feven  times  as  far  as  one  of  the  fird,  it 
follows,  that  an  obferver  who  is  inclofed  in  a 
globular  cinder  of  dars,  and  not  far  from  the 
center,  wdll  never  be  able,  by  his  naked  eye,  to 
fee  to  the  end  of  it;  for  fince,  according  to  the 
foregoing  edimations,  he  can  only  extend  his  view 
to  about  feven  times  the  didance  of  Sirius,  it  can- 
not be  expeclcd  that  his  eyes  fiiould  reach  the 
borders  of  a cluder,  which  has  perhaps  no  Icfs 
than  50  dars  in  depth  every  w'here  around  him. 
The  whole  univerfe  therefore,  to  an  obferver  con- 
fined to  unadided  vifion,  will  be  comprized  in 
a fet  of  condellations  richly  ornamented  with 
fcattered  dars  of  all  fizes.  Or,  if  the  united  bright- 
nefs  of  a neighbouring  cluder  of  dars  diould,  in 
a remarkably  dear  night,  reach  his  light,  it  will 

put 
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put  on  the  appearance  of  a finall,  faint,  whitiili 
nebulous  cloud,  not  to  be  perceived  without  the 
greateft  attention.  Let  us  fuppofe  him  placed  in 
a much  extended  dratum,  or  branching  clufter  of 
millions  of  Pars : here  the  heavens  will  not  only 
be  richly  fcattered  over  with  brilliant  conftel- 
lations,  but  a diining  zone  or  milky  way  will  be 
perceived  to  furround  the  whole  fphere  of  the 
heavens,  owing  to  the  combined  light  of  the  ftars 
that  are  too  remote  to  be  feen ; our  obferver’s 
fight  w'ill  be  fo  confined,  that  he  wdll  imagine 
this  fingle  colledtion  of  ftars,  though  he  does  not 
perceive  the  thoufandrh  part  of  them,  to  be  the 
whole  contents  of  the  heavens.  Allowing  him 
now  the  ufe  of  a common  telefcope,  he  begins  to 
fufped  that  all  the  milkinefs  of  the  bright  path, 
which  furroLinds  the  fphere,  may  be  owing  to  ftars: 
he  perceives  a few  clufters  of  them  in  various 
parts  of  the  heavens,  and  finds  alfo  that  there  is 
a kind  of  nebulous  patches ; but  flill  his  views  are 
not  extended  to  reach  fo  far  as  to  the  end  of  the 


ftratum  in  which  he  is  fituated ; fo  that  he  looks 
upon  thefe  patches  as  belonging  to  that  fyftcm 
w’hich,  to  him,  feems  to  comprehend  every  ce- 
leftial  objedl.  He  now  increafes  his  pow^r  of 
vifion,  and  applying  himfelf  to  a clofer  obferva- 
tion,  finds  that  the  milky  way  is  indeed  no  other 
than  a colledion  of  very  fmall  ftars:  he  perceives 
that  thofe  objeds,  w'hich  had  been  called  nebulae, 
are  evidently  nothing  but  clufters  of  ftars;  their 
number  increafes  upon  him ; and  w hilft  he  re- 
folves  one  nebula  into  ftars,  he  difeovers  ten  new 
ones  that  he  cannot  rcfolve.  He  then  forms  the 
idea  of  immenfe  ftrata  of  fixed  ftars,  of  clufters 
of  ftars,  and  of  nebulae,  till  going  on  wdth  fuch 
interefting  obfervations,  he  loon  finds  that  all 
thefe  appearances  arife  from  the  confined  fit  nation 
in  which  w e are  placed.  Confined  it  may  be  juft- 
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ly  called,  though  contained  in  no  fmaller  a fpace 
than  what  appeared  before  to  be  the  whole  region 
of  fixed  ftars,  but  which  now  hasaifumed  the  fhape 
of  a crookedly  branching  nebula;  not  one  of  the 
leaft,  but  probably  very  far  from  being  the  moft 
conliderable,  of  thofe  numberlefs  clufters  that  en- 
ter into  the  conftrudion  of  the  heavens.  Dr.  Her- 
fchel  confirms  thefe  ideas  by  a feries  of  obferva- 
tions,  and  thinks  it  will  be  found  upon  the  whole, 
that  this  view^,  w’ith  all  it’s  confequential  appear- 
ances, as  feen  by  an  eye  inclofed  in  one  of  the 
nebulae,  is  no  other  than  a drawing  from  nature, 
wherein  the  features  of  the  original  have  been 
clofely  copied;  and  Dr.  Herfchel  hopes  the  re- 
lemblance  will  not  be  called  a bad  one,  when  it 
fhail  be  confidered  how'  very  limited  muft  be  the 
pencil  of  an  inhabitant  of  fo  fmall  and  retired  a 
fpot  of  an  indefinite  fyfiem,  in  attempting  the  pic- 
ture of  fo  unbounded  an  extent. 

In  the  moll  crouded  parts  of  the  milky  w'ay, 
he  has  had  a field  of  view  of  588  fiars,  and  thefe 
continued  for  many  minutes  ; fo  that  in  one  quar- 
ter of  an  hour’s  time,  not  lefs  than  116,000  fiats 
have  palfed  through  the  field  of  his  telefcope:  he 
endeavours  to  fiiew,  that  the  powers  of  h'is  tele- 
fcope are  fuch,  that  it  will  not  only  reach  the  fiars 
at  497  times  the  difiance  of  Sirius,  fo  as  to  difiin- 
guiih  them,  but  that  it  alfo  Ihews  the  united  luftrc 
of  the  accumulated  fiars  that  compofe  a milky  ne- 
buiofity  at  a far  greater  difiance.  From  thefe  con- 
iidcrations,  it  is  highly  probable,  that  as  his  20  feet 
telefcope  does  not  fiiew  fuch  a nebulolity  in  the 
milky  way,  it  goes  already  far  beyond  it’s  extent ; and 
therefore  a more  powerful  infirument  would  re- 
move all  doubt,  by  expofing  a milky  ncbulofity  be- 
yond the  firatum,  \i  hich  could  then  no  longer  be 
mifiakea  for  the  dark  ground  of  the  heavensr 
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To  the  foregoing  arguments,  we  may  add  the 
following,  drawn  from  analogy.  Dr.  Herfchel  fays^ 
that  among  the  great  number  of  nebulae  which  he 
has  already  feen,  -amounting  to  more  than  900, 
there  are  many,  in  all  probability,  equally  extenfive 
with  that  which  we  inhabit  ; and  yet  they  are  all 
feparated  from  each  other  by  very  confiderable  in- 
tervals. Some,  indeed,  there  are,  that  feem  to  be 
double  and  treble;  and  though  with  moft  of  them 
it  may  be,  that  they  are  at  a very  great  dillance 
from  each  other,  yet  he  does  not  mean  to  fay  that 
there  are  no  fuch  conjunflions  ; though  there  may 
be  alfo  fomc  thinly  fcattered  folitary  flars,  not  yet 
drawn  intojyhems  ; their  number  cannot  be  very 
, confiderable : a conjedure  that  is  abundantly  con- 
firmed, in  fituatioiis  where  the  nebulae  are  near 
enough  to  have  their  flars  vifible  ; for  they  are  all 
infulated,  and  generally  to  be  feen  upon  a very  clear 
and  pure  ground,  without  any  fhar  near  them,  that 
might  belfuppofed  to  belong  to  them:  and  though 
they  may  be  often  feen  in  beds  of  flars,  yet  from 
the  fize  of  thefe  flars,  we  may  be  certain  that  they 
are  much  nearer  to  us  than  thole  nebulae,  and  be- 
long undoubtedly  to  our  own  fyflem. 

The  Origin  of  Nebulous  Strata. 

Dr.  Herfchcl  thinks  the  nebula  that  \ve  in- 
habit, has  fewer  marks  of  profound  antiquity  upon 
it  than  the  reft;  having  previoully  fuppofed  that 
the  condenfation  of  clufters  of  flars  is  to  be  afcri- 
bed  to  a gradual  approach;  the  number  of  ages  that 
muft  have  paft  before  fome  of  the  clufters  could  be 
fo  far  condenfed  as  they  are  at  prefent,  makes  him 
n iturally  aferibe  a certain  air  of  youth  and  vigour 
to  many  very  regularly  fcattered  regions  of  our  fi- 
derial  fyftem.  There  are  many  places,  where  he 
afterts  that  there  is  rcafon  to  believe,  that  the  ftats^ 
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if  ive  may  judge  from  appearances,  aire  now  draw- 
ing towards  various  fecondary.centers,  and  will,  in 
time,  feparate  into  different  clufbefs,  fo  as  to  occa- 
lion  many  fub-divifions.  Our  fyftem,  after  num- 
bers of  ages,  may  be  divided  fo,  as  to  give  rife  to  a 
ftratum  of  two  or  three  hundred  nebulae. 

An  Opening  in  the  Heavens; 

Sorrie  parts  of  our  fy (tern  feem  to  have  already 
fufiained  greater  ravages  from  time  than  others  ; 
in  the  body  of  the  Scorpion,  there  is  an  openings 
or  hole,  which  is  probably  owing  to  this  caufe;  it 
is  4 degrees  broad. 

A perforated  Nebula,  or  Ring  Of  SYars; 

Among  the  curiofities  of  the  heavens,  fhould 
be  placed  a nebiila  that  has  a regular  concentric 
dark  fpot  in  the  middle,  and  is  probably  a ring  of 
(fars ; it  is  of  an  oval  flia.pe ; in  the  northern  iide 
3 very  faint  fiiars  may  be  feen,  as  alfo  one  or  two 
in  the  fouthern : the  vertices  of  the  longer  axis 
feem  lefs  bright^  and  not  fo  wxll  defined  as  the 
reft. 


Planetary  Nebulae; 

Thefc  are  fo  named  from  a fingularity  of  ap- 
pearance,  which  renders  it  difficult  to  clafs  them. 
Xhcir  light  is  fo  uniform  and  vivid,  the  diameters 
fo  fmall  and  well  defined,  as  make  it  improbable 
that  they  ftiould  be  common  nebulae  : if  nebulae, 
they  muft  be  comprelled,  and  condenfed  in  the 
higheft  degree. 

1 hough  the  words  condenfation  and  clujier 
often  occur  in  the  foregoing  extraOf,  we  are  by  no 
means  to  infer  that  any  of  the  celcftial  bodies,  in 
VoL.  1V-;  Q * Qyj. 
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our  nebula,  are  nearer  to  one  another  than  we  arc 
to  Sirius,  whofe  diftance  is  fuppofcd  to  be  not  lefs 
than  38  millions  of  miles.  The  whole  extent  of 
the  nebula  being,  in  fome  places,  near  500  times 
this  diftance,  miilf  be  fuch,  that  the  light  of  a liar 
placed  at  it’s  extreme  boundary,  luppobng  it  to  fly 
with  the  velocity  of  12  millions  of  miles  every  mi- 
nute, mufl:  have  taken  near  30cx:>  years  before  it 

could  reach  us. 

Thefe  immenfe  fpaces,  thefe  numerous  holts 
of  fyfl:ematic  univerfes,  are  probably  connected  the 
one  with  the  other.  Like  fo  many  immenfe  cir- 
cufes,  by  the  mutual  contadl  of  their  circumam- 
bient fpheres,  they  prefs  each  other : thefe  aercal 
atmofpheres  being  alfo  connedled  and  interwoven 
too-ether  by  an  infinity  of  infertions,  conflitute  a 
ceTeflial  fphere,  which  is  again  linked  with  others,, 
till  by  an  infinity  of  orbs  they  obtain  a form, 
is  the  origin  and  pattern  of  all  forms,  in  which  ail 
the  variegated  liderial  revolutions  harmomou  y 
concur  to  one  and  the  fame  end ; that  ot  mutually 
llrengthening  and  eflablifliing  each  other,  and  tor- 
ming  a ccleflial  union. 


Of  the  Telescopic  Appearance  of  the  Planets 


Of  the  Sun. 

•'  Theobffrvations  which  might  with  fullncfs 
of  evidence  confirm  the  opinion  of  planetary 
worlds,  feem  to  be  placed  out  ^ 

we  can  fcatce  hope  to  make  our  optical  mlinimcnts 

fufficiently  pcrfcil,  to  render  the  inhabiiants  thuc- 
of  viliblc  w us.  Ml.  thetclore.  that 
to  examine  if  the  planets  n^ 

thofe  things  which  we  arc  ufed  to  c 
celTary  to  animal  exiftcnce.  L.ands. 
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Vapours,  and  an  atmofphere,  or  body  of  air,  are 
objedls  that  we  may  exped:  to  find  on  the  face  of 
an  habitable  world.” 

By  means  of  the  telefcopc,  we  are  enabled,  in 
fome  meafure,  to  afeend  into  the  celefilal  region, 
and  view  the  fun,  moon,  and  fiars,  as  they  would 
appear  to  us  if  they  were  brought  fo  many  times 
nearer  to  us  as  the  telcfcope  magnifies;  the  light 
proceeding  from  the  luminary  we  are  looking  at, 
being  diminilhed  in  the  fame  proportion. 

The  telefcope  is  one  of  thofe  difeoveries,  of 
which  no  idea  could  have  been  formed,  previous 
to  the  period  in  which  the  SupYeme  Being  was 
pleafed  to  unveil  to  the  human  mind  fome  of  the 
iTiyfterious  powers  of  glafs  : the  importance  of  this 
difeovery,  and  the  extent  to  which  it  may  be  car- 
ried, ftill  lie  hid  among  the  fecrets  of  infinite  wif- 
dom.  It  is  by  this  infirument  more  than  by  anv 
other,  that  we  have  been  led  onward  in  our  ad- 
vances towards  a perfed  knowledge  of  the  heavenlv 
bodies,  and  that  aftronomy  has  been  railed  frorn 
^ a catalogue  of  ftars,  into  a fcience. 
hen  w e look  at  the  fun  through  a telefcope 
even  of  moderate  power,  the  eye  being  defended  bv 
a piece  of  coloured  or  fmoked  glafs,  nay,  even  by 
the  naked  eye,  when  guarded  in  the  fame  manner 

kfsbriX"r  T black,  or  rather 

Ic/s  bright  fpots,  of  various  fizes  and  ihapes.  Some- 
times thefe  fpots  will  vaniih  in  a very  ftort  time 
after  their  firlt  appearance;  fometimes  they  travel 

eaft.  when  they  difappcar,  and  in  twelve  or  thir- 
teen days  they  appear  again,  fo  as  to  be  known  by 
the  r magnitude  and  figure,  to  be  thofe  that  had 

th?Cft  bich  are  of 

much  appear  to  liave 

much  lolidity  of  confilfence,  for  in  a little  time 

y ^ thev 
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they  alfo  vanifli,  and  become  bright  like  the  reft  of 
the  furface. 

The  fpots  are  more  frequent  at  fome  periods 
than  at  others;  in  fome  years,  the  fun’s  difk  has 
for  many  months  been  perfecftly  free  from  them ; 
in  others,  he  has  for  months  been  more  or  lefs  ob- 
fcured  by  fpots  t the  moft  remarkable  phenomena 
of  thefe  fpots,  as  obferved  by  Schenicr  and  Heve- 
lius,  are  as  follow:  i.  Every  fpot,  which  has  a 

nucleus,  or  dark  part,  hath  alfo  an  umbra,  or 
fainter  fliade,  furrounding  it.  2.  The  bounda^ 
betwixt  the  nucleus  and  umbra  is  always  diftintft 
and  well-defined.  3.  The  increafe  of  a fpot  is 
gradual,  the  breadth  of  the  nucleus  and  umbra  di- 
lating at  the  fame  time.  4.  In  like  manner,  the 
decrcafe  of  a fpot  is  gradual,  the  breadth  o ^ ^ 
nucleus  and  umbra  diminiftiing  at  the  fame  time, 
c.  The  exterior  boundary  of  the  umbra  never  con- 
fifts  of  fliarp  angles,  but  is  always  curvilinear,  how 
irregular  foever  the  outfide  of  the  nucleus  may  be. 
6.  The  nucleus  of  a fpot,  whilft  on  the  decreafe, 
often  changes  it’s  figure,  by  the  umbra  incroaching 
irregularlv  upon  it,  infomuch  that  in  a fmall  fpace 
of  time  new  incroachments  are  difcernable,  where- 
by the  boundary  between  the  nucleus  and  the  um- 
bra is  perpetually  varying.  7*  ^^^n  happens, 

that  by  thefe  incroachments  the  nucleus  ot  a Ipot 
is  divided  into  two  or  more  nuclei.  8.  The  nuclei 
of  the  fpots  vanifii  before  the  umbra.  9.  Small 
umbr^  are  often  feen  without  nuclei.  10.  A large 
umbra  is  feldom  feen  without  a nucleus  in  ?hc  mid- 
dle of  it.  II.  When  a fpot,  which  comifted  of  a 
nucleus  and  an  umbra,  is  about  to  difappcar  if  it  be 
not  fucceeded  by  a facula,  or  Ipot,  brighter  than  the 
reft  of  the  difk,  the  place  it  occupied  is  in  a veiy 

little  time  not  to  be  perceived. 

In  the  Philof.  Tranf.  vol.  Ixiv.  the  reader  will 

find  feveral  curious  obfcrvations  thefe  fpots,  y 
Frofeiror  Wilfon,and  the  Rev.  Mr. 


On  Astronomy. 


2^9 

latter  gentleman  fays,  he  once  faw,  with  a twelve- 
inch  reflecflor,  a fpot  burfl  to  pieces,  while  he  was 
looking  at  the  fun ; the  appearance  was  to  him  as 
that  of  a piece  of  ice,  when  dafhed  on  a frozen 
pond,  which  breaks  to  pieces,  and  Hides  in  various 
diredlions. 

The  fpots  are  by  no  means  confined  to  one 
part  of  the  fun’s  difk,  though  we  do  not  know  that 
any  have  been  obferved  about  his  polar  regions. 
Though  their  diredion  is  from  eaft  to  weft,  yet 
the  paths  they  deferibe  in  their  courfe  over  the 
difk,  are  exceedingly  different,  fometimes  being  in 
ftrait  lines,  fometimes  in  curves;  at  one  time  de- 
feending  from  the  northern  to  the  fouthern  part  of 
the  difk,  at  other  times  afeending  from  the  fouthern 
to  the  northern  part. 

The  larger  fpots,  moft  of  w'hich  exceed  the 
whole  earth  in  apparent  magnitude,  laft  a coii- 
ftdcrable  time,  fometimes  three  months  before 
they  difappear,  at  which  time  they  are  generally 
converted  into  fpots  exceeding  the  reft  of  the  fun 
in  brightnefs.  The  general  opinion  concerning 
their  nature  is,  that  they  are  volcanoes,  or  burn- 
ing mountains  of  immenfe  fize ; and  that  when 
the  eruption  is  nearly  ended,  and  the  fmoke  dif- 
fipated,  the  fierce  flames  are  expofed,  and  appear 
as  luminous  fpots.  D.  Wilfon  fuppofes  them,  on 
the  other  hand,  to  be  excavations  in  the  luminous 
matter  (or  atmofphere)  that  environs  the  body  of 
the  Tun. 

The  diameter  of  a fpot  near  the  middle  of  the 
difk,  is  meafured  by  comparing  the  time  it  takes 
in  paffing  over  a crofs  hair  in  a tclefcope,  with 
the  time  wherein  the  whole  difk  of  the  fun  pafles 
over  the  fame  hair.  It  may  alfo  be  meafured  by 
a micrometer.  Hevelius  obferved  a fpot  that  rofe, 
and  vanifhed,  in  i6  or  17  hours.  None  have  been 
obferved  to  continue  longer  than  70  days. 

03 


Of 
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Of  the  Moon. 


When  we  look  at  the  moon  with  the  naked 
eye,  we  difcern  a great  number  of -irregular  fpots 
on  her  difk,  diftinguifhed  by  their  dark  colour 
from  the  brighter  or  more  glaring  parts ; but 
when  view’ed  through  a telefcope,  their  number 
is  prodigioufly  increafed  ; and  it  is  perceived,  that 
many  of  thefe  appearances  are  occafioned  by  vaft 
obfeure  pits  or  cavities,  and  elevations  or  moun- 
tains. The  fpots  in  the  moon  always  keep  their 
places,  not  being  moveable  like  thofe  of  the  fun. 
Sometimes  more  or  lefs,  of  the  northern,  and 
fouthern,  and  eaftern,  and  w'eftern,  part  of  the 
dilL  is  feen,  which  is  owing  to  what  is  called  her 


libration. 

Thefe  mountains  and  cavities  are  knowm  to  be 
fuch,  from  the  flradow  they  caft.  In  the  firft  and 
fecond  quarters,  when  the  light  of  the  fun  falls 
obliquely  upon  them,  the  elevated  parts^  cad  a 
triangular  fhadow  on  the  fide  oppodte  to  tneTun; 
whereas,  with  refpedl  to  the  cavities,  thefe  have 
that  lide  which  is  oppolite  to  the  fun  illuminated, 
and  that  wTich  is  next  the  fun  is  dark  and  ob- 
feure, the  fame  as  would  happen  to  a hollow 
bafon,  placed  on  a table  at  fome  difance  from  a 
candle,  in  a room  where  there  is  no  other  light. 
The  fhadows  fliorten  as  the  fun  becomes  more 
directly  oppofed  to  the  anterior  face  of  the  moon, 
and  at  length  difappear  at  the  time  of  the  full. 
Durinp-  the  third  and  laft  quarters,  the  fhadows 
appea°  again,  but  all  fall  towards  the  contrary 
fide  of  the  moon,  though  ftill  with  the  dif- 

tindion,  namely,  that  the  mountains  are  dark  and 
fliady  on  the  lide  fartheft  from  the  fun,  and  the 

pits  arc  dark  on  the  fide  next  the  frm* 

The  full  moon  is  a very  pleafing  fight  tnrougli 

a tekfeope,  and  has  a great  variety  of 
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colour;  but  it  is  not  the  face  on  which  to  difeover 
the  mountains,  thefe  are  beft  Icen  at  the  increafe 
or  dccreafe;  for  befides  the  evidence  derived  from 
the  fliadovvs,  we  may  then  fee  the  tops  of  thefe 
mountains  catching  the  rays  of  the  fun  before  they 
reach  that  part  of  the  furface  on  which  their  bot- 
toms are  placed. 

On  April  19,  1787,  Dr.  Herfchel  obferved 
fome  appearances  on  the  furface  of  the  moon, 
which,  judging  by  analogy  from  things  perceived 
here  with  us,  he  thought  he  might  term  volcanoes. 
Three  of  thefe  he  oblerved  in  different  places  of 
the  dark  part  of  the  moon  ; two  of  them  appeared 
nearly  extimft,  or  going  to  break  out;  the  third, 
as  an  affual  eruption  ot  fire,  or  luminous  matter. 
On  the  20th  it  burnt  with  greater  violence,  and 
might  be  computed  to  be  about  three  miles  in 
diameter:  the  eruption  refemblcd  a piece  of  burn- 
ing charcoal,  covered  by  a thin  coat  of  white 
, allies;  all  the  adjacent  parts  of  the  volcanic  moun- 
tain were  faintly  illuminated  by  the  eruption, 
and  were  gradually  more  obfeure  as  they  lay  at 
a greater  dilfance  from  the  crater.  Dr.  Her- 
fchel  had,  in  1783,  obferved  an  eruption,  fome- 
what  limilar  to  that  of  the  foregoing  volcano. 
Indeed  an  appearance  of  this  kind  had  been  feen 
before,  by  Don  Ulloa,  in  an  eclipfe  of  the  fun. 
It  was  a fmill  bright  fpot,  near  the  margin  of 
the  moon,  w'hich  he  fuppofed  to  be  a hole  with 
the  fun’s  light  fliining  through  it. 

1 hat  the  moon  is  furrounded  by  an  atmo- 
fphere,  is  rendered  probable  by  many  obferva- 
tions  of  the  folar  eclipfes,  in  w hich  the  edge  or 
limb  of  the  fun  was  obferved  to  tremble  juff  be- 
fore the  beginning.  The  planets  are  likewifp  ob- 
ferved to  change  their  figure  from  round  to  oval, 
juft  before  the  beginning  of  an  occultation  be- 
hind the  moon,  which  can  be  attributed  to  no 

Q 4 other 
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other  caufe  than  that  their  light  is  refraded  by 
being  feen  through  the  moon's  atmofphere.  That 
\v’e  fee  no  clouds,  will  not  appear  furprizing,  if 
wc  confider  that  the  lunar  days  and  nights  are 
thirty  times  as  long  as  our’s ; it  will  be  eafy  to 
conceive,  that  with  them  the  phenomena  of  va- 
pours may  be  very  different  from  what  they  are 
with  us ; perhaps  their  clouds  and  rain,  if  any, 
may  be  condenfeci  into  vifible  quantities  only  dur- 
ing the  abfence  of  the  fun,  and  of  courfe  when 
they  rnuft  be  inviiible  to  us. 

Mercury  being  at  all  times  near  the  fun,  we 
can  only  dillinguilh  by  the  telefcope  a variation  of 
his  figure,  which  is  fometimes  that  of  a half  moon, 
fometimes  a little  more  or  lefs  than  half. 

Venus y w^hen  in  the  form  of  a crefcent,  and 
at  her  brighteft  times,  affords  a more  pleafing 
telefcopic  view  than  any  other  of  the  heavenly 
bodies;  her  furface  is  diverfified  with  fpots,  like 
thofe  of  the  moon ; by  the  motion  of  thefe,  the 
time  file  takes  up  in  revolving  upon  her  axis  is 
difeovered.  With  a powerful  telefcope,  moun- 
tains like  thofe  in  the  moon  may  be  feen. 

Mars  appears  always  round  and  full,  except 
at  the  time  of  the  quadrature,  when  it’s  difk  ap-  ^ 
pears  like  that  of  the  moon  about  three  days  after 
the  full.  By  the  fpots  which  are  feen  on  it’s 
furface,  it’s  diurnal  revolution  has  been  afeer- 
tained.  From  it’s  charaderilfic  ruddinefs,  and 
from  other  phenomena,  it  has  been  fuppofed  that" 
it’s  atmofphere  is  nearly  of  the  fame  denfity  with 
our’s.  Dr.  Hcrfchcl  has  obferved  two  white  lu- 
minous circles  furrounding  the  poles  of  this  planet; 
thefe  are  fuppofed  to  arife  from  the  fiiow  lying 
about  thofe  parts. 

The  appearance  of  Jupiter  through  a tele- 
fcope, opens  a vaft  field  for  fpeculative  inquiry. 

The  furface  is  not  equally  bright,  but  is  difim- 
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guiflied  by  certain  bands,  or  belts,  of  a dufkier  co- 
lour than  the  reft  of  the  furfacc,  running  parallel 
to  each  other,  and  to  the  plane  of  it’s  orbit.  They 
are  not  regular  or  conftant  in  their  appearance; 
fometimes  only  one  is  feen^  at  other  times  eight 
have  been  feen ; their  breadth  is  likewife  varia- 
ble, one  belt  growing  narrow  while  another  in 
it’s  neighbourhood  becomes  broader,  as  if  one 
had  flowed  into  the  other;  in  this  cafe  an  oblique 
belt  has  been  obferved  to  lie  between  them,  as  if 
for  the  purpofe  of  forming  a communication. 
Sometimes  one  or  more  fpots  are  formed  between 
the  belts,  which  increafe  till  the  whole  is  united 
in  one  large  dufky  band.  There  are  alfo  bright 
fpots  to  be  difeovered  on  Jupiter’s  furface;  thefe 
are  rather  more  permanent  than  the  belts,  and  re- 
appear after  unequal  intervals  of  time.  The  re 
markable  fpot,  by  whofe  motion  the  rotation  of 
Jupiter  on  his  axis  was  afeertained,  difappeared 
in  1694,  and  was  not  feen  again  till  1708,  when 
it  re-appeared  exadlly  in  the  fame  place,  and  has 
been  occafionally  feen  ever  fince.  The  difappear- 
ance  and  re-appearing  of  the  fpots  is  not  fo  won-' 
derful  as  the  changes  that  have  been  obferved 
in  the  belts ; the  elder  Calfini  faw  one  evening 
five  belts  upon  the  planet,  but  while  he  was  view- 
ing them,  they  underwent  the  moft  furprizino* 
change.  In  an  hour  from  their  fulleft  appear- 
ance there  remained  only  thiee  out  of  five,  and  one 
of  thefe  fcarce  perceptible.  The  moft  remarkable 
telefcopic  appearance  of  this  planet,  are  the  fatel- 
lites,  but  thefe  I have  particularly  deferibed  under 
the  head  of  fatellites. 

1 hough  the  great  diftance  of  the  planet  Sa^ 
turn,  and  the  tenuity  of  it’s  light,  do  not  per- 
jiiit  us  to  diftinguifti  the  varieties  of  it’s  furface; 
yet  iome  of  the  firft  difeoveries  made  by  the  tele- 
fcope  were  on  this  planet,  and  the  ring  is  ftill  one 

- of 
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of  the  moil:  curious  phenomena  we  are  acquaint- 
ed with.  There  is  not,  indeed,  any  thing  in  the 
whole  fyflem  of  nature  more  wonderful  than  this 
ring,  which  appears  nearly  as  bright  as  any  part 
of  the  furfacc  of  the  planet:  by  what  means  it  is 
fufpended,  or  by  what  law  fupported  ; whether  it 
is  only  a bright  but  permanent  cloud,  or  vxhether 
it  is  a vaft  number  ot  fatellitcs  dilpofed  in  the 
fame  plane,  whofc  blended  light  gives  it  to  us  the 
form  of  one  continual  body,  we  can  only  form 
crude  conjecture.  M.  Meliicr  has  obferved  on 
the  anfes  of  this  ring,  feveral  luminous  white 
twinkling  points,  didering  in  vivacity  from  each 
other. 

Sometimes  our  eye  is  in  the  plane  of  the  ring, 
and  then  it  becomes  invifible : as  it’s  plane  al- 
ways keeps  parallel  to  itfelf,  it  difappears  twice 
in  every  revolution  of  the  planet,  that  is,  about 
once  in  15  years;  and  he  fometimes  appears  quite 
round  for  nine  m.onths  together.  At  other  times 
the  diftance  betw’ixt  the  body  of  the  planet  and 
the  ring  is  very  perceptible,  infomuch  that  Dr. 
Clarke’s  father  faw  a flar  through  the  opening. 
Vv'hen  Saturn  appears  round,  if  our  eye  be  in  the 
plane  of  the  rmg,  it  will  appear  as  a dark  line 
acrofs  the  middle  of  the  planet’s  dilk ; if  the  eye 
be  elevated  above  the  plane,  a fliadowy  belt  w ill 
be  vifible;  when  the  plane  appears,  the  ring  next 
the  body  is  the  brighteft ; w hen  the  ring  appears 
of  an  elliptical  form,  the  parts  about  the  ends 
of  the  largefl  axis  are  called  anfe.  Ihcfe,  a lit- 
tle before  and  after  the  difappearing  of  the  ring, 
are  of  unequal  magnitude.  It  has  been  fuppofed, 
that  tb.c  ring  has  a rotation  round  an  axis. 

With  very  long  telcfccpcs  two  belts  have 
been  difeovered  on  Saturn,  which  appear  parallel 
to  that  forme'd  by  the  edge  of  the  ring ; thefe  are 

laid  to  be  permanent : Caflini  and  Initio  perceived  a 
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a bright  flrcak  upon  Saturn  which  was  not  per- 
manent, being  viliblc  one  day,  difappcaring  the 
next,  when  another  came  into  view  near  the  edge 
of  his  dillv.  Belides  thefe  there  are  it’s  five  fatei- 
lites  mentioned  under  their  proper  head. 


Of  Comets. 

Comets  are  a kind  of  Bars,  appearing  at  un- 
expeeffed  times  in  the  heavens,  and  of  fingular 
and  various  figures,  defeending  from  far  diflant 
parts  of  the  fyfiem,  with  great  rapidity,  furprifing 
us  With  the  fingular  appearance  of  a train,  or  rail; 
and  after  a fl'jort  ftay,  are  carried  off  to  diftant 
regions,  and  difappear. 

They  were  imagined  in  ancient  times  to  be 
prodigies  hung  out  by  the  immediate  hand  of 
God  in  the  heavens,  and  intended  to  alarm  the 
world.  Their  nature  being  now  better  undcr- 
ftood,  they  are  no  longer  terrible.  But  as  there 
are  hill  many  who  think  them  to  be  heavenly 
warnings,  portents  of  future  events,  it  may  not 
be  improper  to  infewm  you,  that  the  Architc^  of  the 
univerfe  has- framed  every  part  according  to  divine 
order,  and  fubjec^fed  all  things  to  laws  and  regula- 
tions ; that  he  does  not  hurl  at  random  hars  and 
worlds,  and  diforder  the  fyftem  of  the  whole  glorious 
frame,  to  produce  falfe  apprehenfions  of  diflant 
events,  fears  without  foundation,  and  without  ufe. 
Religion  glories  in  the  tch  of  real'on,  of  knowledge, 
and  of  true  wifdom;  it  is  every  way  conneded 
with,  and  is  always  elucidated  by  them.  From 
philofophy  we  may  learn,  that  the  more  the  works 
of  the  Lord  are  underfbood,  the  more  he  mufl 
be  adored ; and  that  his  fuperintendancy  over 
every  portion  is  more  clearly  evinced,  and  more 

fully 
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fully  exprefled  by  their  unvaried  courfe,  than  by 
ten  thoufand  diviations. 

The  exiftcnce  of  an  univerfal  connedion  be- 
tween all  the  parts  of  nature  is  now  generally 
allowed.  Comets  undoubtedly  form  a part  of  this 
great  chain ; but  of  the  part  they  occupy,  and  of 
the  ufes  for  which  they  exih,  we  are  'equally  ig- 
norant. it  is  a portion  of  fcience  whofe  perfec- 
tion is  referved  for  fome  diftant  day,  when  thefc 
bodies  and  their  vafl  orbits  may,  by  long  and  ac- 
curate obfervation,  be  added  to  the  known  parts 
of  the  folar  fyltem  ; when  aftronomy  will  appear 
as  a new'  fcience,  after  all  our  difeoveries,  great 
as  we  at  prefent  imagine  them  to  be. 

The  ahronomy  of  comets  is  very  imperfed  ; 
for  but  little  can  be  known  with  certainty,  where 
but  little  can  be  feen.  Comets  afford  few  obfer- 
vations  on  which  to  ground  conjedure,  and  are 
for  the  greatefl  part  of  their  courfe  beyond  the 
reach  of  human  vifion ; but  that^  they  are  not 
meteors  in  the  air  is  plain,  becaufe  they  rife  and 
fet  in  the  f\me  manner  as  the  moon  and  ftars  ; 
they  are  called  comets,  from  their  having  a long 
tail  fomewhat  rtfembling  the  appearance  of  hair; 
fome  however  have  appeared  without  this  appen- 
dage, as  well  defined  and  round  as  planets. 

It  is  generally  fuppofed,  that  they  are  plane- 
tary bodies,  making  part  of  our  fyftem,  revolving 
round  the  fun  in  extremely  long  elliptic  curves; 
that  as  the  orbit  of  a comet  is  more  or  lefs  ex- 
centric,  the  dilfance  to  which  they  recede  from 
the  fun  will  be  greater  or  lefs.  Very  great  dif- 
ference has  been  found  by  obfervation  in  this  le- 
fped,  even  fo  great,  that  the  fdes  of  the  elliptic 
orbit  in  fome  cafes  (;iegenerate  almofl:  into  right 
lines.  They  are  very  numerous:  450 are  fuppofed 

to  belong  to  our  folar  fyltem. 

Thcfc  comets,  which  go  to  the  greatelt 
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didance  from  the  fun,  approach  the  neared  to  him 
at  their  return. 

Their  motion  in  the  heavens  are  not  all  di- 
rect, or  according  to  the  order  of  the  figns,  like 
thofe  of  the  other  planets.  The  number  of  thofe 
which  move  in  a retrograde  manner,  is  nearly 
equal  to  thofe  whofe  motion  is  diredl. 

The  orbits  of  mod  of  them  are  inclined  in 
very  large  angles  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  va- 
riable in  every  part  of  their  orbit ; when  they 
are  near  the  fun,  they  move  with  incredible  fwift- 
nefs ; w hen  very  remote  from  him,  their  motion 
is  inconceivably  (low. 

When  they  appear,  they  come  in,  a dired: 
line  towards  the  fun,  as  if  they  were  going  to  fall 
into  his  body  : and  after  having  difappeared  for 
fome  time,  in  confequence  of  his  extreme  bright- 
nefs,  they  fly  off  on  the  other  dde  as  fad  as  they 
came,  continually  lodng  their  fplendor,  till  at  lad 
they  totally  difappear.  Their  apparent  magnitude 
is  very  different,  fometimes  feeming  not  bigger 
than  the  fixed  dars,  at  other  times  equal  in  dia- 
meter to  Venus.  Hevelius  obferved  one  in  165I, 
which  was  not  inferior  to  the  moon  in  fize,  though 
not  fo  bright  ; it’s  light  pale  and  dim,  it’s  afpedt 
difmal. 

A greater  number  of  comets  are  feen  in  the 
hemifphere  towards  the  fun,  than  in  the  oppofite  ; 
and  are  generally  invifible  at  a fmaller  didance 
than  that  of  Jupiter.  Mr.  Brydone  obferved  one 
at  Palmero,  in  July  1770,  which,  in  24  hours, 
deferibed  an  arch  in  the  heavens  upv/ards  of  50 
degrees  in  length  ; fo  that  if  it  was  far  didant 
from  the  fun,  it  mud  have  moved  at  the  rate  of 
upwards  of  60  millions  of  miles  in  a day. 

1 hey  dideralfo  in  torm  from  the  other  planets, 
confiding  of  a large  internal  body,  which  fiiines 

with 
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with  the  refledlcd  light  of  the  fim,  and  is  encom- 
paired  with  a very  large  atmofphere,  apparently 
of  a finer  matter,  much  refembling  that  of  the 
aurora  borealis;  this  is  called  the  head  of  the 
comet,  and  the  internal  part  the  nucleus.  When 
a comet  arrives  at  a certain  difiance  from  the  fun, 
an  exhalation  arifes  from  it,  which  is  called  the  tail. 

The  tail  is  always  direded  to  that  part  of  the 
heavens  which  is  direcitiy  or  nearly  oppofite  to  the 
fun,  and  is  greater,  and  brighter,  after  the  comet 
has  palled  it’s  perihelium,  than  in  it’s  approach  to 
it ; being  greatefi  of  all  when  it  has  jufi  part  the 
perihelium.  The  tail  of  the  comet  of  1680  w^as 
of  a prodigious  fize,  extending’from  the  head  to  a 
difiance  fcarcely  inf^erior  to  that  of  the  fun  from 
the  earth. 

' No  fatisfadory  knowledge  has  been  acquired 
concerning  the  caufe  of  that  train  of  light  which 
accompanies  the  comets.  Some  philofophers  ima- 
gine, that  it  is  the  rarer  atmofphere  of  the  comet 
impelled  by  the  fun’s  rays.  Others,  that  it  is  the 
atmofphere  of  the  comet,  riling  in  the  folar  atmo- 
Iphere  by  it’s  fpecific  levity  ; while  others  imagine 
that  it  is  a phenomenon  of  the  fame  kind  with  the 
aurora  borealis;  and  that  this  earth  would  appear 
like  a comet  to  a fpectator  placed  in  another 
planet. 

The  number  of  the  comets  is  certainly  very 
great,  conliderably  beyond  any  efiimation  that 
might  be  made  from  the  obfervations  we  now"  pof- 
fefs. 

There  are,*  who  do  not  think  the  prefent  af- 
tronomy  of  comets  well  cfiablilhed  ; and  that  as  fir 
many  fmall  ones  are  frequently  feen,  they  think 
that  nothing  can  be  determined  with  certainty, 
till  fome  better  marks  arc  difeovered  for  diftiii’- 

guilliing. 

* Encyclcpasdia  Britannica,  vol.  2.  p.  765.  Second  Edition. 
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guifliing  one  from  another,  than  any  at  prefent 
known  ; and  that  even  the  accomplifhmcnt  of  Dr. 
Hallev’s  prediction  is  uncertain  : for  it  is  very  lin- 
gular, that  out  of  four  years,  in  which  three  comets 
appeared,  the  only  one,  in  which  no  comet  was  to 
be  feen,  Ihould  be  that  very  year  in  which  the 
greatell  alfronomcrs  that  ever  exilted  had  foretold 
the  appearance  of  one  ; and  in  accounting  for  it’s 
non-appearance,  Mr.  Clairault  would  have  been 
equally  fupported  by  cometic  evidence;*  whether 
he  concluded  the  comet  to  have  been  retarded  or 
accelerated  by  the  aClion  of  Jupiter  and  Saturn  : a 
comet  appeared  in  1757,  as  well  as  in  175^:,  and 
had  he  determined  the  retardation  of  the  comet  to 
be  twice  as  great  as  he  did,  another  appeared  in 
1760  to  have  verified  his  calculations. 

Of  a Plurality  of  Worlds. 

The  fixed  fiars  are  generally  fuppofed  to  be  of 
the  fame  nature  with  our  fun,  each  ol  them  attend- 
ed by  planets,  which  arc  inhabited  by  rational 
creatures  like  this  earth. 

Infiead,  therefore,  of  one  fun,  and  one  world, 
we  find  that  the  region  of  unbounded  fpace  is  peo- 
pled with  funs,  and  ftars,  and  worlds.  This  opi- 
nion has  been  held  and  taught  by  many  of  the  mod 
celebrated  philofophers  and  afironomers,  both  in 
ancient  and  modern  times  : in  tins  view  of  things, 
our  fyftem  rcfembles  a fingle  individual  of  fome 
one  fpecies  of  being  in  outward  nature,  divcrfified 
from  all  it’s  fellow  individuals,  by  differences  un- 
cllential  to  the  kind  and  fpecies  ; but  which  con- 
flitute  that  beauty,  which  arifes  from  uniformity 
ainidfi  variety.  ^ 

That  the  fixed  fiars  are  funs,  fliining  by  their 
own  ligiit,  is  probable,  on  account  of  their  immenfe 

difiance 

* There  does  not  indeed  feem  any  evidence  lo  prove  the 
identical  return  of  the  fame  comet. 
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diflance  from  us  ; for  as  it  is  impofTible  that  at 
thefe  diftanccs  they  could  be  feen  by  any  reflexion 
of  light  from  the  fun,  it  is  natural  to  fuppofe  them 
endowed  with  a power  of  emitting  light  from  their 
own  bodies.  By  comparing  the  apparent  diameter 
of  objects  at  different  didanccs,  it  is  clear  that  our 
fun  would  appear  like  a Bar,  were  he  removed  to 
the  diftance  at  which  they  are  placed;  and  that 
therefore  it  is  truly  reafonable  to  fuppofe,  that  the 
fixed  liars  are  equal,  if  not  fuperior  in  magnitude, 
to  that  which  is  the  center  of  our  fyfiem ; and  that 
they  are  made  for  the  fame  purpofes  wdth  the  fun, 
to  beliow  light,  heat,  and  vegetation,  on  a certain 
number  of  planets  revolving  round  them. 

Of  their  immenfe  diftance  from  us,  and  the 
vaftnefs  of  the  fpace  they  occupy,  the  reader  may 
form  fome  idea,  when  he  is  told,  that  numbers 
amongfl:  them  are  at  too  great  a diftance  to  be  adc- 
quatefy  exprelfed  by  figures,  and  beyond  the  reach 
of  admeafurement ; and  this  will  be  heightened,  if 
he  confiders  that  the  fmalleft  of  the  ftars  vifible  to 
the  eye  are  much  more  remote  than  the  larger  ones, 
and  that  the  telefcope  difeovers  ftars  which  are  too 
diftant  to  be  perceptible  to  the  naked  eye  ; that 
the  inftrument,  like  our  eyes,  has  it’s  limits;  but 
the  extent  of  the  heavens  has  no  bounds. 

The  fixed  ftars  being  fo  far  removed  from,  and 
for  the  moft  part  invifible  to  us  ; it  can  fcarcely  be 
conceived  bv  the  narroweft  mind,  that  they  form 
a part  of  our  fyftem,  or  were  created  only  to  give 
a fiiint  glimmering  light  to  the  inhabitants  of  this 
globe : for  one  additional  moon  would  have  afforded 
us  more  light  than  the  whole  hoft  ot  ftars  ; fuch  an 
opinion  is  unworthy  ot  our  reafon,  inadequate  to 
our  conceptions  ot  the  Deity.  It  w ould  be  alfo  ab- 
furd  to  fuppofe,  that  the  author  of  nature  had  made 
fo  many  luns  without  planets,  to  be  enlightened  by 
their  light,  and  vivified  by  their  heat;  but  more  fo. 
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to  imagine  fo  many  habitable  worlds  enlightened 
by  funs  without  inhabitants ; we  may,  therefore, 
fafely  conclude,  that  all  the  planets,  of  every  fyftem, 
are  inhabited. 

This  rcafoning  is  flill  further  Ifrengthened,  by 
confidering  the  immenfity  of  the  ftarry  heavens, 
in  which  are  innumerable  hods  of  ftars,  created  as 
the  means  to  fome  great  end.  From  revelation  we 
learn,  that  the  ultimate  end  of  creation  is  the 
peopling  of  heaven  with  men.  Thefe  rcfplendent 
funs  arc  clearly  then  the  mediums  of  exiltence  to 
fo  many  earths,  and  of  men  upon  them,  created  to 
be  happy  eternally  with  their  God,  the  one  eternal 
thirji  to  blefs,'*  Every  flar  is  thus  the  center  of 
a magnificent  fyftem,  attended  by  a retinue  of 
worlds,  irradiated  by  it’s  beams,  and  revolving 
round  by  it’s  adive  influence.”  Thus  the  great- 
nefs  of  God  is  magnifled,  and  the  grandeur  of  his 
empire  made  manifell.  He  is  not  glorified  on  one 
earth,  or  in  one  world,  but  in  ten  thoufand  times 
ten  thoufand.  “If  w^e  could  wing  our  way  to  the 
highed  apparent  dar,  we  diould  there  fee  other 
fkies  expanded,  other  funs  that  didribute  their  in- 
exhaudible  beams  of  day  ; other  dars,  that  gild  the 
alternate  night,  and  other  (perhaps  nobler)  fydems 
edabliflied  in  unknown  profufion,  through  the 
boundlefs  dimenlions  of  fpace.  Nor  does  the  do- 
minion of  the  Sovereign  of  all  things  terminate 
here;  even  at  the  end  of  this  vad  tour  we  diould 
find  ourfelves  advanced  no  further  than  the  fron- 
tiers of  creation,  the  commencement  of  the  great 
Jehovah's  kingdom. 

This  mode  of  reafoning  applies  w ith  greater 
force  to  the  planets  of  our  own  fydem,  and  gains 
additional  drength  from  other  condderatio  is.  For 
\oL.  IV,  R 
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who  w^ould  venture  to  affcrt,  that  infinite  love 
and  confiimmate  wifdom  had  formed  fuch  ini- 
rnenfe  material  maffes,  fome  of  which  exceed  our 
earth  in  fize,  convey  them  in  revolutions  round 
the  fun^  furnifli  them  with  moons,  grant  them 
the  alternate  changes  of  night  - and  day,  vicif- 
fitudes  of  feafons,  and  all  this  only  to  emit  their 
fcanty  light  on  our  earth. 

Or  who  that  has  feen  any  engine,  a windmill 
for  inffance,  and  who  knows  the  ufe  of  it,  if  he 
travels  into  another  country,  and  there  fees  an  en- 
gine of  the  fame  fort,  w'ill  not  reafonably  conclude 
that  it  is  defigned  for  the  fame  purpofe  ? So  when  we 
know  that  the  ufe  of  this  planet,  the  earth,  is  for 
an  habitation  of  various  forts  of  animals,  and  we 
fee  other  planets  at  a diftance  from  us,  fome  bigger, 
fome  iefs  than  the  earth,  moving  periodically 
round,  revolving  on  their  axes,  and  attended  with 
moons;  is  it  not  highly  reafonable  to  conclude, 
that  they  are  all  defigned  for  the  fame  ufe  as  this 
earth  is,  and  that  they  are  habitable  worlds  like 
that  we  live  in  ? 

Who  can  conceive  them 

unpofTefs’d 

By  living  foul,  defert  and  defolate. 

Only  to  diine,  yet  fcarce  to  contribute 
Each  orb  a gleam  of  light  ?” 

Or  that  the  Almighty,  vrho  has  not  left  with  us  a 
drop  of  water  unpeopled,  who  has  in  every  inffance 
multiplied  the  bound  of  life,  fhould  leave  fuch  im- 
menfe  bodies  defTitute  of  inhabitants  ? It  is  furely 
much  more  rational  to  fuppofe  them  the  polTcflion 
of  human  beings,  beings  formed  with  capacities 
for  know  ing,  loving,  and  ferving  tlieir  Almighty 
Creator;  bled  and  provided  with  every  objed  con- 
ducive to  their  happinefs,  and  many  of  them  in  a 
lar  o-i  eater  hate  of  purity  than  the  inhabitants  ot 

our 
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our  earth,  and  therefore  in  pofTciTion  of  higher  de- 
grees of  blifs,  and  placed  in  htuations,  furnifhing 
them  with  feenes  of  joy,  equal  to  all  that  poetry 
can  paint,  or  religion  promife  : all  under  the  di- 
rediion,  indulgence,  and  protec^lion  of  iiiiinite  wif- 
dom  and  goodnefs."*^' 

The  more  the  heavenly  bodies  excite  our  af- 
tonifliment,  from  their  fize,  their  dihances,  the 
regularity  of  their  motions,  or  any  peculiarity  or 
perfedion  we  difeover  in  thofe  attractions  by  which 
they  feem  retained  in  their  places,  the  more  clear 
it  is  to  any  reafoning  head  that  they  could  not  have 
made  themfclves  : and  that  clofe  connection  be- 
tween caufe  and  effect,  which  the  farther  we  fcarch 
the  more  clearly  w'e  difeern,  though  it  has  ftag- 
gered  the  faith  of  many  a celebrated  naturalilt,  is 
itfelf  a proof,  if  he  had  not  flopped  fliort  of  the 
conclufion,  that  all  thefe  muft  have  been  the  con- 
trivance of  confummate  wifdom,  and  guided  by 
an  unerring  hand. 

Yet  at  the  fame  time  he  who  fees  that  every 
little  corner  on  this  earth  of  our’s  is  replete  with 
animal  life,  though  but  one  race  on  it  feems  to  be 
endowed  with  reafoning  faculties,  cannot  but  be 
led  on  to  a conjeClure  at  lech,  that  all  thofe  vaft 
bodies  he  difeovers  in  the  heavens  may  be  peopled 
with  their  gradations  of  inhabitants  likewife  ; and 
that  each  of  them  not  improbably  contains  it’s  ra- 
tional beings  too,  to  acknowledge  and  adore  the 
Creator  of  them  all.  So  far  the' heathen  philofo- 
pher  may  go  ; though,  if  he  be  a modeft  inquirer 
after  truth,  he  will  not  dogmatize,  or  enter  into 
any  particular  detail  of  what  is  fo  totally  out  of  his 
reach. 

But  the  chriflian  may  perhaps  allow  himfelf, 
not  to  dogmatize  on  his  part,  but  to  carry  his  conjcc- 

H 2 tures 

* See  the  Rev,  Mr,  W'^oolafton’s  Refleftions, 
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lures  a few  fteps  farther’  Revolving  in  his  mind 
what  he  acknowledges  has  been  done  for  man, 
the  only  rational  inhabitant  he  knows  on  our 
earth  ; and  confidering  that  God  has  fent  fome  of 
his  angels  or  meflengers  from  time  to  time  to 
declare  his  will  to  us ; and  has  moreover  fent  the 
Chrift  more  fully  to  reveal  it ; whatever  others  may 
.think,  he  is  fatislied  thereby  that  however  fmall 
we  are  in  this  vaft  univerfe,  we  are  not  beneath  the 
notice  of  the  Ruler  of  it.  Loft  in  amaze  at  the 
greatnefs,  and  at  the  fame  time  the  goodnefs  of  the 
Deity  towards  us,  will  he  not  be  led  thereby  into 
a more  full  acknowledgment  of  him,  and  more 
determined  refolution  of  obedience  to  his  will? 
This  feems  but  the  rational  refult  from  fuch  a 
chain  of  thought. 

Yet,  if  that  thought  be  purfued,  fince  the  in- 
habitants of  the  other  planets  of  our  fyftem,  and  of 
the  many  fyftems  there  may  be  among  the  num- 
berlefs  ftars  in  the  vaft  expanfe,  muft  equally  be 
obj efts  of  the  Divine  favour  with  ourfelves;  and 
ftnee  the  rational  inhabitants  of  fome  few  or  more 
among  fo  many  myriads,  may  have  been  found  dif- 
obedient ; is  a jnan  to  blame  for  thinking  that  if 
they  ftand  in  need  of  reftoration,  they  muft  be  full 
as  worthy  of  it  as  ourfelves  ; and  may,  for  any 
thing  that  we  know,  have  been  already  redeemed, 
or  may  yet  be  to  be  redeemed,  when  and  in  what 
way  k^ftiall  be  feen  fitting  by  the  Almighty  Ruler 

of  us  all  ? 
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LECTURE  XLV. 


On  Physical  Astronomy.  * 

The  caufcs  of  the  celeftial  motions  have  in  all 
ages  been  the  objedls  of  philofophical  curiolity. 
Men  have  generally  conducted  their  refearches  on 
this  fubjecfl  upon  principles  analogy.  Some  re- 
femblances  have  been  noticed  between  the  motions 
of  the  celeftial  bodies,  and  other  motions  nearer 
at  hand,  and  more  familiar  to  us  ; and  the  fame  re- 
femblances  have  been  fuppofed  to  exifl'  between 
their  caufesi 

1 fnall  notice  four  of  thefe  different  refem- 
blances,  or  analogies. 

1.  The  motions  of  the  heavenly  bodies  have 
been  thought  to  refemble  the  fpontaneous  motions 
ot  intelligent  beings,  Ariftotle,  Leibnitz^  Tucker, 
Monboddo,  and  Tome  others^  both  in  ancient  and 
modern  times,  have  taught,  that  the  planets  were 
conducfted  by  fpiritual  intelligent  beings. 

Though  accounts  of  the  celeftial  phenomena 
may  be  given  by  means  of  this  refemblance,  that 
are  chargeable  with  no  falfe  reafoning  ; yet  as  they 
afford  no  explanation,  they  anfvver  no  purpofe  in 
philofophy. 

2.  The  celeftial  motions  have  been  thought  to 
reprefent  the  motions  of  bodies  carried  about  cen- 
ters by  means  of  /olid  conneblions. 

This  notion  fuggefted  to  philofophefs  the 
opinion,  that  the  planets  were  attached  to  folid 
orbs,  which  turn  round  the  axis  of  revolution  this 

R 3 opinion 

* ProfefTor  Robifon’s  Outlines  of  Mechffmcal  Philofophy,' 
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opinion  has  been  falfely  attributed  to  Ariftotle.  Ic 
is  altogether  contradidory  to  our  ideas  of  the  cthe- 
rial  matter  that  occupies  celcftial  fpace,  and  not 
cafily  reconcilcable  to  the  elliptic^  motion  of  the 


planets. 

3.  The  celeftial  motions  have  been  thought  to 
refcmble  the  motions  of  bodies  carried  round  by  a 
circiilaiinf^  f.uid.  Many  philofophcrs  have  fuppofed 
the  planets  to  be  carried  round  in  fuch  vortices. 
Dejeartes  and  Leibnitz  were  at  great  pains  to 
dlablifli  this  do8riiie.  More  modern  writers  * 
have  removed  ine  difficulties,  and  obviated  the  ob- 
jedions  made  to  this  lyftcm.  It  will  therefore  be 
neceffiary  to  lay  before  you  fome  of  the  arguments 
urged  in  it’s  favour  ; in  doing  this,  I ffiall  be  under 
the  ncceffity  of  repeating  forne  obfervations  that  I 
have  before  made. 

Thefc  writers  urge,  that  fo  long  as  we  keep 
within  the  limits  of  natural  and  exl^erimental  philofo- 
pby,  we  mull  account  for  the  motions  in  nature,  by 
referring  them  to  corporeal  caules  ; and  where  this 
cannot  be  performed  fatisfadonly,  \ve  mull  give 
them  up,  or  wait  with  patience  for  fome  better 
clue  of  invclligation,  or  fome  further  light  trom 
experience,  k is  contrary  to  found  philofophy  to 
amule  ourfelves  with  names  and  dualities,  which 
contradiB  the  known  Jaws  of  mechanilm,  and  fu- 


peifedc  the  operation  ol  the  elements. 

Nothing  is  intelligible  in  philofophy  but  the 
action  of  matter  upon  inatter  ; the  power  of  impulfe 
is  the  onlv  fcnlible  and  experimental  caufes  ot  mo- 
tion ; and  there  is  the  ftrongeli  prelumprion  from 
analogy  in  favour  ol  the  univerfal  material  mecha- 
nifm  of  the  operations  of  nature.  All  other  prin- 
ciples of  motion  are  founded  on  conjeedure,  and  in- 
^ capable 


* Tones’s  PhvGologicd  DirquiGtions : ElT.iy  on  the  Fiift  Prin- 
ciples of  Natural  Philolophy  ; Dr.  A.  Willon’s  Oblervationj  ou 
ihc  jMoving  powers  ol  the  pielcnt  Sylteni. 
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capable  of  proof.  If  you  attempt  to  foar  above  this 
principle  in  theory,  you  are  always  obliged  to  de- 
Icend  to  it  in  prailice.  Natural  philofophy  has 
been  principally  advanced  by  the  experiments 
which  have  been  made  on  the  elements  ; but  thefe 
experiments  prove y that  matter  interferes  in  pro- 
ducing all  the  changes  and  motions  that  arc  ob- 
ferved  in  bodies  didant  from  each  other. 

Look  into,  and  obferve  the  operations  in  na- 
ture : how  docs  the  fun  a^t  upon  the  fruits  of  the 
earth,  but  by  the  mediation  of  it’s  light  r*  How 
do  the  clouds  water  the  earth,  but  by  the  mediation 
of  air?  How  does  the  chemift  produce  fuch  won- 
derful changes  in  natural  bodies,  but  by  the  me- 
diation of  fire  ? In  a word,  every  experiment,  every- 
obfervation  proves,  thaD  in  all  cafes  where  dillant 
bodies  are  found  to  affect  each  other,  there  is  al- 
ways fomething  to  mediate,  whether  we  do  or  do 
not  perceive  it  ; and  when  this  mediation  can  be 
no  further  traced,  natural  philofophy  is  at  an  endy 
and  the  Ji^ftions  of  imagination  begin,  which  are 
of  equal  value,  by  whatever  name  they  may  be 
called^  or  with  whatever  parade  of  demonftration  * 
they  may  be  introduced. 

It  is  very  lingular,  they  obferve,  that  in- 
quirers ^fi^Y  phy/i cal  truth  fliould  obferve  and  ac- 
knowledge mechanifm  in  the  greater  part  of 
nature,  and  yet  not  be  led  thereby  to  inquire,  whe- 
ther it  be  not  univerfally  extended  ; the  more  fo, 
as  matter  and  motion  muft  have  the  lame  invari- 
able properties.  If  vapour  rifes  mechanically,  why 
may  not  a Jlone  defend  by  the  fame  law  ? If  fluids 
circulate  in  organized  bodies  by  continued  impulfe, 
why  may  not  a planet  revolve  in  the  organized 
fyllem  of  the  univerfe  by  the  fame  caufe? 

All  true  philofophers  agree  in  confidering  the 
univerfe  as  a great  machine,  fo  created,  fitted,  and 
difpofed  by  the  pozver  of  Goo,  as  to  perform  all 

4 the 
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the  operations  which  are  carried  on  throughout  the 
Avhole.  Ihere  is  a conneeflion  and  communication 
between  all  the  didant  parts  thereof.  No  one  part 

can  be  confidered  as  acting  without  being  aded 
upon. 

It  is  highly  unphilofophical  to  afTert,  that 
matter,  conlidered  in  general,  or  any  part  thereof, 
lias  ejjential  feparale  qiiahlies^  by  which  one  part 
ads  upon  another.  It  is  the  effential  property  of 
no  one  wheel  in  a machine  to  move  it’s  fellow’’, 
though  in  confequence  of  it’s  being  placed  in  the 
liation  it  is  fitted  for,  it  ads  upon  it’s  fellow’,  be— 
caufe  it  is  aded  upon.  It  you  interrupt  the  contafi 
in  a machine,  you  dcllroy  the  motion  in  all  thofc 
paits  \i'’heie  the  communication  is  dedroyeeb 

It  is  jutf  the  fame  with  the  whole  fydem  of 
nature,  you  cannot  take  up  any  parcel  of  matter, 
and  fay  of  it,  this  has  ed'ential  properties  which 
empow  er  it  to  be  a natural  agent.  A philofopher 
ought  to  coniider  it  as  a couevet e ^ with  a certain 
difpodtion  of  parts  liable  to  be  aded  upon  by  the 
fubtiler  parts  of  the  machine,  which  can  by  no 
means  be  redrained  by  art  therefrom.  It  m'ight 
be  as  judly  ad'erted,  that  it  is  the  effential  property 
of  animal  fubdanccs  to  live,  as  that  it  is  the  elFen- 
lial  property  of  the  loaddone  to  attraci. 

i he  promoters  of  the  opinion  now'  under  con- 
dderation,  urge  further,  that  every  known  ope- 
rai  ion  in  nature  is  vienoanical ; and  that  in  all  ex- 
periments, where  the  explanation  is  clear  and  cer- 
tain, the  edects  are  produced  by  matter  ading 
upon  mattci  ; and  vve  are  able  to  trace  this  me— 
chanifm  in  fucii  a variety  of  inllances,  that  un- 
lefs  the  world  is  governed  by  oppodtc  and  con- 
tradictory principles,  it  mud  obtain  throughout 
the  whole. 

1 luis  the  body  of  mein,  which  is  the  highed 
piece  01  machinery  in  nature,  is  ^lade  to  fee,  to 

bear. 
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7ix\d  [peak,  upon  mechanical  principles;  and 
it  dies  without  a confiant  imprcflion  of  a mate- 
rial force  upon  it  from  the  clement  of  an\ 

Again,  from  the  preflure  of  air^  the  mercury 
is  made  to  rife  in  the  tube  of  the  barometer.  Hail, 
fnozVy  dind  vapour,  are  formed  in  the  atmofpherc  by 
the  diifercnce  in  it’s  temperature;  the  clouds  arc 
fulfained  therein,  and  driven  about  to  water  the 
earth ; plants  grow,  and  are  nourilbed  thereby. 

For  thofe  elfedis  where  the  caufc  is  not  fo 
obvious,  you  find  fire  a more  fubtil  agent,  whofe 
reality  is  proved,  and  it’s  operations  pointed  out 
both  by  obfervation  and  experiment.  It  may  be 
Transferred  from  one  parcel  of  matter  to  another. 
It  will  enter  the  pores,  and  fill  the  interffitial 
vacuities  of  all  other  fubflances.  It  adts  with  a 
force  and  velocity  adequate  to  all  the  efFefls  we 
can  defire  to  aferibe  thereto.  It  gives  an  eladic 
force  to  air,  and  occupies  every  fpace  from  which 
the  air  is  exhaufted.  In  fome  cafes  it  ads  as  light, 
in  others  as  fire ; light  as  it  illuminates  and  ren- 
ders objeds  vifibie,  fire  as  it  burns  and  confumes 
what  it  ads  upon. 

Thus  you  find  the  fluid  etherial  matter  of  the 
heavens  ading  by  impulfe  on  the  folid  matter  of 
the  earth,  being  inflrumental  in  every  one  of  it’s 
produdions,  and  necelfary  to  every  dated  pheno- 
menon of  nature. 

We  are  forced  by  the  evidence  of  every  phe- 
nomenon in  nature,  by  every  experiment  in  philo- 
fophy,  to  conclude,  that  impulfe  * is  the  only  ma- 
terial caufe  of  motion.  All  the  properties  of 
matter,  are  fuch  as  lit  them  to  ad,  and  to  be  aded 
upon,  in  a mechanical  way.  They  arc  all  fuch  as 

can 

* No  mechanical  motion  can  fubfifl  without  a plcmnn  \ this 
znuft  be,  wherever  fuch  mechanical  motion  lublilts.  Th.j  is  fo 
necelfary  a confequence  of  motion  being  earned  on  by  itnpulle, 
that  ii  needs  no  other  demonliration. 
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can  be  adapted  to  the  known  principles  of  mccha- 
nifm  among  artihs.  We  are  therefore  bound  by 
every  rule  of  found  reafoning,  to  confider  it  as  the 
caufe  of  all  the  motion,  and  continuance  of  mo- 
tion, in  the  material  univerfe.  It  is  the  one  certain 
and  only  univerfal  known  caufe.  Neither  the  pro- 
perties of  matter,  nor  experiment,  nor  obfervation, 
afford  any  other. 

No  independent  motion  can  be  difeovered.  It 
is  therefore  wrong  to  conlider  the  motion  of  any 
body  abftradedly,  or  as  a thing  by  itfelf.  The 
fyftem  of  nature  is  connected  and  related  ; and  to 
be  underftood,  muff  be  conlidcred  under  thofe  re- 
lations and  connections.  Speculations,  which  carry 
you  out  of  the  world,  can  never  inform  you  how 
things  are  carried  on  in  the  world.  Matter  fub- 
fiffing  as  a part  of  the  created  world  has  motion, 
but  if  feparated  from  the  reff,  would  have  no  more 
motion  than  a limb  divided  from  the  body;  and 
he  who  ffudies  the  nature  of  motion  by  taking 
matter  abftractedly,  is  ffudying  motion  from  that 
which  has  no  motion  belonging  thereto. 

Another  hrong  argument  adduced  in  fa- 
vour of  this  fyftem,  is  derived  from  the  continu- 
ance and  permanency  of  the  motions  obferved  in 
nature.  That  there  is  an  univerfal  principle  of  mo- 
tion throughout  the  fyffem  of  things,  is  fclf-evi- 
dent.  We  know  that  matter  moving,  can  be  the 
caufe  of  motion  in  matter  at  reft ; and  wc  know 
of  no  other  phyftcal  caufe  capable  of  producing 
fuch  motion.  Here,  therefore,  we  m.uff  look  for 
the  caufes  of  permanent  motions. 

Of  the  motion  in  different  bodies,  it  is  ob- 
fervable,  that  fome  retain  the  motion  they  have 
acquired,  without  any  diminution,  v\  hilc  others  are 
fooii  reduced  to  a ffatc  of  reff.  IVhen  a body  re- 
tains it's  motion  without  dimtnvJiony  it  is  moved 
by  fuch  caufes  as  would  renew  it's  motion^  if  it 

were 
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flopped.  When  a cloud  is  flying  before  the 
fun,  the  fame  wind  that  drives  it  on,  would  re- 
ftore  it’s  motion,  if  it  could  be  flopped.  In  the 
fame  manner  the  fails  of  a wind-milly  after  you 
have  brought  them  to  a ftate  of  refl,  and  even 
confined  them,  will  receive  a 72ew  motion  from 
the  wind  as  foon  as  the  obftrucflion  is  removed.  If 
you  flop  the  motion  of  the  lungs  by  an  effort  of  the 
nuifcles,  you  find  that  the  natural  caufes  that  a6t 
upon  the  body,  tend  to  renew  the  motion,  and  can-- 
not  be  hindered  from  effecting  it,  without  a con- 
iiderable  efl'ort. 

“ Every  lafling  motion  is  fuch  a one  therefore^ 
that  will  he  renewed  upon  it's  own  principles.  This 
obfervation  is  of  great  importance  towards  ac- 
counting truly  for  the  undecaying  motions  of  the 
imiverfe,  to  all  which  it  may  undoubtedly  be 
extended  : fo  that  if  it  were  pofTible  to  flop  the 
planet  Jupiter  in  his  orbit,  the  eflahlifbed  caufes 
that  adl  upon  him,  would  renew  his  motion  with- 
out any  artificial  motion. 

A body  continues  to  move  as  long  as  the  na- 
tural caufes  of  motion  continue  to  ad:  thereon  ; and 
reft^  which  is  mechanical  death,  inevitably  follows, 
when  the  caufes  of  motion  arc  no  longer  pre- 
fent.  There  may  be  fubtil  cafes,  in  which  it  may 
be  as  hard  for  us  to  trace  the  caufes  of  motion,  as 
to  fltew  why  life  remains  for  fome  time  in  an 
animal  body  under  water  without  refpirarion.  Still, 
however,  the  general  affercion  mufl  be  true,  if 
every  efled  mufl  have  it’s  caufe ; for  then  to  every 
permanent  efled  there  mufl  be  a permanent  caufe. 

It  is  therefore  not  only  abfurd,  but  contrary 
to  every  analogy  in  nature,  to  fuppofe  that  any 
of  the  durable  motions  of  the  celeflial  bodies  de- 
pend upon  projediion  in  a vacuum  : bccaufe  if  you 
were  to  flop  a body  moved  upon  this  principle, 
you  have  no  means  of  renewing  it’s  motion,  it 
mufl  either  fall  into  the  fun,  and  thus  come  to^ 

point 
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point  of  rcH,  or  be  dead  and  niotionlefs  for  ever, 
without  forne  miracle  to  give  it  a new  motion 
but  this  being  contrary  to  the  conditions  of  every 
iindecayin^*  motion,  which  will  be  renewed  on  it’s 
own  principles  in  the  ordinary  courfe  of  nature, 
and  by  means  already  eftablilbed,  is  not  to  be  ad- 
mitted into  philofophy. 

They  further  urge  as  a rcafon,  for  rejcdling 
the  hypolhcjis  of  a projeflile  impulfe^  that  it  obliges 
it’s  fupporters  to  make  the  univerfe  a vacuum: 
becaule  thofe  elements  which  are  ordained  to  act 
upon  matter,  and  keep  up  the  life  and  motion  of 
rhe  world,  would  ftand  in  the  May,  and  hinder 
the  freedom,  and  difturb  the  operation  of  an  ima- 
ginary principle,  proje^ion.  They  confider  pro- 
jection not  only  as  an  hypothetical^  but  as  an 
iijiaal  and  unnatural  principle,  that  cannot  be 
proved  to  obtain  any  v here  in  nature.  If  it  be 
received,  they  fay  it  muff  be  received  as  an  article 
of  faith. 

E^xperiments  have  been  made  M-ith  a central 
force  machine^  to  illullrate  the  doCtrine  of  centri- 
petal and  centrifugal  forces.  But  they  by  no  means 
apply  to  any  cafe  in  nature,  for  the  moving  body 
is  always  connected  by  a line  to  it’s  center  of  mo- 
tion - a circumdance  that  never  can  be  reconciled 
to  n)Otion  in  a vacuum,  vhete  no  connection  is 
fuppofed,  nay,  is  even  objected  to  upon  prin- 
ciple. But  thefe  experinients  are  Itill  further  de- 
ficient, becaufe  the  centrifugal  force  being  a con- 
fcquence  of,  or  derived  from  the  artificial  revolu- 
tion of  the  whirling  body,  cannot  be  ufed  as  a 
caufe  of  the  motion  : for  it  is  the  nature  of  all 
caufes  to  be  prior  to  their  effeCt,  but  here  it  is 
pofterior;  the  body  is  never  difpofed  to  fly  off  in  a 
Tangent  till  it  has  acquired  it’s  revolution.  This 
force  can  therefore  never  be  applied  to  account 
for  any  of  the  celedial  motions,  becaufc  it  brings 
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us  to  this  abfurdity,  that  there  is  nothing  to  ac- 
count for  the  motion,  but  the  motion  itfclf,  or  the 
confequencc  ot  the  motion. 

The  fame  objeclions  apply  to  another  illuflra- 
tion,  namely,  cafting  round  a weight  fufpended 
in  a fling,  and  even  further ; for  the  power  of  the 
fling  rertraining  the  body  from  flying  off  in  a tan- 
gent, bears  no  analogy  to  a power  arfually  drawing 
the  moving  body  towards  it’s  center  of  motion. 

It  has  been  objected  to  this  reafoning,  that 
no  body  can  move  in  a fpacc  fllled  with  matter, 
commonly  called  a plenum.  But  this  entirely  de^ 
pends  on  the  condition  of  the  matter^  and  the  cir- 
cumjl-ances  of  the  moving  body:  it  the  matter  filling 
the  fpace  be  a fluid,  whofe  parts  can  eafily  Aide 
over  one  another,  they  will  be  able  to  move  in 
dificrent  or  contrary  dire6tions  at  the  fame  time, 
and  while  the  place  of  the  whole  mafs  remains 
the  fame,  the  place  of  the  parts  of  which  it  is 
compofed,  may  be  continually  changing. 

The  fullnefs  of  the  fpace  is  therefore  no  ob- 
jedlion  to  the  free  motion  of  the  parts  of  any  fluid 
among  themfelves  ; neither  is  it  any  objedlion  to 
the  motion  of  any  folid  body  in  fuch  a fluid  me- 
dium. Though  a veflel  be  filled  with  water  clofe- 
ly  flopped,  (and  the  fluid  fo  comprefled,  that  a very 
fmall  point  made  to  enter  therein,  would  burft 
the  containing  veflel,)  yet  any  folid  will  move 
freely  therein  from  one  fide  to  the  other,  or  from 
the  top  to  the  bottom  ; becaufe  the  parts  of  the 
fluid  which  are  difplaced  before,  fall  into  that 
fpace  behind,  quitted  by  the  body.  So  fiifl  as  the 
body  proceeds,  jufl  fo  fafl  do  the  parts  of  the  fluid 
recede  ; fo  that  there  is  neither  impediment  nor 
vacuity.  The  fame  is  true  in  other  cafes  ; there 
may  be  motion,  provided  there  be  a circulation 
among  the  parts. 

When  a folid  body  is  moved  in  a fluid  by  any 
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artificial  foYCt  or  violence,  contrary  to  the  nature  oj 
the  medium  in  which  it  moves,  the  parts  of  the 
medium,  by  endeavouring  to  recover  their  natural 
i^ate,  will  refill  the  motion  of  the  body  till  the 
equilibrium  is  rellored,  and  the  body  is  at  reft. 
Such  will  necelTarily  be  the  cafe  of  all  violent 
motions;  it  is  foon  dellroyed  by  refinance,  though 
the  time  in  which  it  is  dellroyed  may  differ  from 
a variety  of  circumHanccs. 

But  on  the  other  hand,  if  the  motion  of  the 
hody  arijes  from  the  motion  oJ  the  medium  in  which 
it  moves,  then  the  refilling  nature  of  the  medium 
is  no  longer  an  objeciion  to  the  motion  of  the 
body,  neither  can  it  be,  for  it  is  the  caufe  of  ids 
motion  ; and  it  is  abfurd  to  fuppofe,  that  the  caufe 
of  a motion  can  refill  the  motion  it  caufes.  No 
inference  therefore  from  the  refiftance  of  mediums, 
can  lead  us  to  the  'neceffity  of  a vacuum.  A vacuum 
is  only  necelfary  when  a motion  is  propofed,  which 
is  independent  of  the  adtion  of  every  medium ; but 
nature  knows  of  no  fuch  motion. 

A variety  of  motions  may  be  exhibited,  for 
whofe  production  the  prefence  of  a refijling  me- 
dium is  abfolutely  necelfary ; and  they  fhew,  that 
fo  far  from  a vacuum  being  necelfary  to  the  con- 
tinuance of  motion  in  any  fpace,  the  motion 
is  promoted  and  occalioned  by  a refilling  medium. 
That  hypothetical  train  of  rcafoning  which  leads 
us  to  conclude,  that  if  lefs  matter  were  in  the 
fpace,  the  motion  would  be  more  free,  and  con- 
tinue much  longer,  is  as  unphilofophical,  as  it 
would  be,  if  in  order  to  enable  a man  to  run  fallcr, 
we  fliould  rid  him  of  the  incumbrance  of  his  boots 
and  fpurs,  by  cutting  off  his  legs. 

Air  is,  you  know,  a ref  fling  medium,  yet  in-» 
Head  of  retarding  the  motion  of  the  lamp  ma- 
chine. 
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chine,  which  I before  fliewed  you,  by  it’s  refifl- 
ance  prcferves  that  motion;  and  if  the  motion  be 
at  laft  difcontinued,  it  docs  not  arife  from  defedt 
or -irregularity  of  the  caufe,  but  to  the  imper- 
fedlion  of  the  materials.  If  the  materials  which 
are  aCtcd  upon  would  but  continue  in  the  fame 
ftate,  the  motion  would  be  unretarded  as  long  as 
air  and  jircy  which  are  the  caufes  thereof,  fubfift 
in  the  world.  In  this  experiment  the  caufes  are 
not  artificial  and  violenty  as  in  the  central  force 
machine,  but  fuch  as  are  fupplied  by  nature  itfeif, 
jn  it’s  regular  mode  of  acflion  ; which  both  begins 
and  continues  the  motion.  What  is  performed  by 
the  agents  in  nature,  in  the  one  cafe,  may  certainly 
be  done  in  others.  The  planets  miay  be  carried 
round  in  their  orbits  by  the  fame  means.  The 
heavens  may  be  filled  throiio-hout  with  an  etherial 

• O 

fluid,  not  infinitely  rarified,  unrefifiing,  and  im- 
potent, but  denfe  and  continuous  in  it’s  parts. 

The  writers  in  favour  of  the  mechanical 
fyftem  urge,  that  their  opponents  have  no  no- 
tion or  means  ot  rcfolving  their  axioms,  or  rela- 
tive laws  of  motion,  to  mechanifm,  but  confider 
them  merely  as  laws;  another  word,  as  they  Life 
it,  for  ultimate,  fpiritual,  unmechanical  power.  As 
the  penetration  ot  fome  amongfl;  them  has  car- 
ried them  to  tar  as  to  fuppofe  an  impelling  ethe-' 
rial  medium  for  maintaining  attradlion,  gravita- 
tion, &c.  &c.  it  is  rather  furpriling  that  they 
could  nor  perceive,  that  the  fame  medium  was 
ncceflary  for  fupporting  their  laws  of  motion,  red, 
refiflance,  &c.  tor  the  difficulty  does  not  lie  in 
accounting  for  gravitation,  or  any  particular  kind 
of  rnotion,  but  in  finding  pozvers  to  produce  and 
maintain  motion  in  general.  If  thefe  are  mecha- 
nical, it  is  eafy  to  fuppole,  that  the  contriver  may 
have  adjutled  the  mechanifm  fo  as  to  produce  the 
particular  tendencies.  But  it  they  arc  unmecha- 
nical. 
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nical,  you  may  call  them  laws,  properties,  or  any 
other  name,  either  with  or  without  a meaning. 
How  detrimental  it  is  to  the  increafc  of  knowledge 
in  the  powers  and  agency  of  nature,  to  have  the 
moll  curious  produdions  of  thefe  powers  reduced 
TO  unintelligible  laws,  characterized  by  words  with- 
out meaning,  and  w^hich  render  their  inventors  no 
wifer  than  the  mofl:  hecdlefs  and  unattentive  ! 

Without  inflriimenialy  or  fecond  caufes,  there 
can  be  no  leguiar  courfe  of  nature  ; and  without  a 
TCt>-ular  courfe,  nature  could  never  be  underftood. 
The  order  and  courfe  of  things,  and  the  experi- 
ments we  daily  make,  fliew  that  there  is  a mind, 
that  governs  aiid  aduates  this  mundane  fyftem,  as 
the  proper  real  agent  and  caufe;  the  inferior  and 
indrumental  caufe  Teems  to  be  fire ; with  refped 
to  uttYcidlion,  It  cannot  produce,  and  in  that  fenfe 
account  for  the  phenomena,  being  itfelfone  of  the 
phenomiena  produced  and  to  be  accounted  for. 
AVhat  is  laid  ot  forces  reliding  in  bodies,  whether 
attrading  or  repelling,  it  can  only  be  confidered 
as  a mathematical  hypothefis,  not  as  any  thing 

real  and  exilling  in  nature. 

The  mechanical  agency  of  the  elements  ac- 
cords With  the  deferiptions  and  allulions  of  the  Ta- 
cred  feriptures.  The  heathens  were  in  Tome  de- 
crrce  acquainted  therewith.  When  this  dodrine 
v as  in  their  hands,  a pihnciple  of  intelligence  was 
aferibed  to  the  adive  elements,  and  they  were  takea 
for  the  Gods  who  govern  the  worki'  But  with 
thofe  who  are  taught  that  the  true  God  is  dihipd 
from,  and  above  the  world  of  matter,  though  vir- 
tually prefent  by  a providential  inlpedion  and 
fuperintendance,  it  ferves  only  to  enlarge  and 
exalt  their  ideas  by  fctting  before  them  the  vihble 
evidence  of  divine  wijdom,  which  w ith  lo  exquihtc 

a contrivance,  and  iuch  fimplicity  of  defgn  hath 
• adapted 
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a-daptcd  phyfical  caujcs  to  the  prodiidlion  of  thei^ 
refpedlivc  effedls. 

We  have  now  to  confidcr,  4thly,  the  matle^ 
mat i cal  principles  of  philofophy.  I’he  ccleftial  mo- 
tions have  been  thought  to  rcfcmble  thofe  exhibk- 
ed  to  us  in  the  phenomena  of  magnetifm  and 
eledlricity]  thefc  and  the  celeftial  bodies  feem  to 
adl  upon  each  other  at  a diflancc,  without  any  ob- 
ferved  intervening  impulfc.  Accordingly  many 
philofophcrs,  both  anciqnt  and  modern,  have  ima- 
gined that  the  planets  are  influenced  by  caufes 
limilar  to  thofe  of  thefe  more  familiar  pheno- 
mena. But  thefe  philofophcrs  had  formed  no  ac- 
curate notions  of  the  agency  of  the  caufes  of  the 
motions  from  which  they  attempted  to  derive  an 
explanation;  neither  had  they  examined  attentive- 
ly the  circuinftances  of  the  motions  which  they 
attempted  to  explain.  At  lall.  Sir  Isaac  New- 
ton contented  himfelf  with  an  invedigation  of  the 
laws  obferved  in  the  agency  of  the  caufes  of  the 
celeffial  motions,  difeovered  that-  thefe  laws  were 
the  fame  with  thofe  obferved  in  the  agency  of  the 
caufes  of  the  motion  of  common  heavy  bodies, 
and  from  this  difeovery  gave  a theory  of  mathe^ 
matical  aftronomy.  We  are  indebted,  however,  to 
Kepler,  for  the  generalization  of  the  faints,  which 
form  the  bafis  of  the  mathematical  theory, 

Kepler’s  Laws. 

Kepler’s  firfl  law  is,  that  the  planets,  in  re- 
volving round  the  fun,  deferihe  equal  areas  in  equal 
times. 

Kepler’s  fecond  law  is,  that  the  orbits  deferih- 
ed  by  the  planets  are  ellipfes,  having  the  fun,  ^or  the 
primary  planets,  in  the  focus. 

Kepler’s  third  law  is,  that  the  fayiarcs  of  the 
VoL.  IV,  S periodical 
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periodical  times  of  ifje  planets  are  as  ihe  cubes  of  iheif 
mean  dijlances  from  the  fun.  That  is,  as  the  fquarC 
of  the  time  \vhich  a planet  A takes  to  revolve  in 
it’s  orbit,  is  to  the  time  which  any  other  planet  B 
takes  to  run  through  it’s  orbit;  fo  is  the  cube  of 
the  mean  diftance  of  A from,  the  fun,  to  the  cube 
of  the  mean  diilance  of  B from  the  fun. 

t ; 

Of  Deflecting  Forces.* 

In  confequcnce  of  the  inertia  of  matter,  all 
paotioii  is  confidered  as  equable  and  rectilineal,  and 
as  being  in  a ftrait  line  with  the  diredlion  of  the 
moving  force ; and  as  preferving  this  direction 
until  itr  be  hindered  or  put  out  of  it’s  W’ay  by  fome 
cxtrinfiG  caufe.  . 

If  therefore  a body  moves  in  a curve y that 
curvature  mufl:  proceed  from  fome  external  force 
continually  acting  upon  the  body;  and  w’henever 
that  force  ceafes  to  aCf,  the  body  will  move  for- 
ward in  a right  line,  touching  the  curve  in  that 
point,  where  the  body  is  at  the  inltant  of  time  when 
the  force  ceafes  to  adl. 

When  yoii  obferve  a change  in  the  direction 
of  any  motion,  you  may  infer  the  aftion  of  a force, 
w'hofe  diredtion  croffes  that  of  the  former  motion. 
This  may  be  called  a defledling  force. 

The  change  of  diredtion  is  meafured  by  the 
angle  contained  between  the  former  and  the  new 
diredfion. 

When  the  motion  of  a body  is  curvilinealy  the 
defleBion  is  continual  y and  you  may  inter -the  con- 
tinual action  of  a deflecting  force.  On  the  other 
hand,  the  continual  adl  ion  of  a defledting  torce 
produces  a curvilincal  motion. 

In 

i 

Profeflbr  Robifon’s  Outlines  of  Mechanical  Phiiofephy, 
page  OA  to  107. 
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In  a curvilincal  motion  the  change  of  direc- 
tion is  meafured  by  the  angle  contained  between 
the  tangents  to  the  curve. 

A curvi lineal  motion  is  therefore  always  a 
compound  motion  ; but  the  great  bodies  of  this  fyf- 
tem,  as  the  planets,  move  round  the  fun  in  curve 
lines ; on  thefe  principles  there  mufl  therefore  be 
neceflarily  two  powers  adling  on  them,  one  im- 
pelling them  to  move  in  a ftrait  Hne,  the  other 
defiedting  or  bending  them  continually  towards  a 
center.  , 

You  may  therefore  confidcr  defe^ing  forces  as 
alw'ays  directed  to  ox  from  a point ; in  the  firfl:  cafe 
they  are  called  centripetal  forces,  in  the  fecond 
cafe  they  are  called  centrifugal  forces.  In  general, 
they  are  termed  central  forces;  and  the  point, 
through  which  their  direc^tion  alw  ays  palles,  is  cal- 
led the  center  of  the  forces. 

Among  the  various  curvilinear  motions  which 
may  arife  from  the  action  of  central  forces,  there 
is  a circumltance  in  which  they  all  agree,  and  which  ' 
enables'  the  mathematician  to  invefligate  the  forces 
by  w'hich  they  are  produced. 

Il  a body  moves  in  a curve  line,  A B C D E F, 

3>  ^5*  means  of  a force  always  .dire<i:tcd 

to  a fixed  point  S,  the  curve  is  'all  in  one  plane, 
and  the  areas  (A.S  B,  A S C,  A S D)  deferibed  by 
the  ffrait  line  joining  the  body  w ith  the  point  S,  arc 
proportional  to  the  times  of  defeription  ; i.  e.  equal 
areas  are  deferibed  in  equal  times,  unequal  areas 
in  unequal  times. , Thus  the  triungiilar  areas  A S B, 
BS  C,  C S D,  bwC.  deferibed  by  the  ftrait  line  join- 
ing the  body  w-ith  the  point  are  proportional  to 
the  times  of  defeription. 

Let  the  time  be  divided  into  equal  parts,  let 
the  body  be  a^ted  on  by  an  impulfe  that  will  carry 
It  from  A to  B,  the.  firft  given  particle  of  time; 
then  in  toe  fecond  particle  it  would  go  an  equal 

^ 2 fpacc 
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i"pace,  and  defcribe  the  line  B c equal  to  the  line 
A B. 

But  when  the  body  is  arrived  at  B,  let  a de^ 
flecfHng  (centripetal)  force  fo  ait  upon  it,  that  while 
it’s  firft  impulfe  would  carry  it  to  c,  the  deflcding 
force  would  carry  it  to  V ; complete  the  parallelo- 
gram, B V c c,  and  it  is  evident,  from  the  dodrinc 
of  compound  forces,  that  the  body  would  in  the 
fecond  particle  of  time  defcribe  the  diagonal  B C. 

Now  as  C c is  parallel  to  SV,  the  triangles 
S B C,  S B,  are  between  the  fame  parallel  lines,  and 
as  fuch,  are  (by  geometry  proved  to  be)  equal;  for 
the  fame  reafon  the  triangles  S C D,  S E F,  are 

proved  to  be  equal  to  S B A. 

If  any  number  of  thefe  triangles  be  added  to- 
gether, the  total  fums,  as  A D S,  F C S,  will  be  pro- 
portional to  the  times  wherein  they  are  deferibed. 

If  the  lines  A B,  B C,  be  continued  round  a 
(Center,  they  will  form  a polygon^'^w^  if  the  fides  of 
the  polygon  be  indelinitely  increafed  in  number, 
and  indefinitely  decreafed  in  length,  they  will  form 
a curve,  a ciYclCy  or  an  eUipfis  : and  the  propofition 
will  be  true  of  thefe  curves,  that  a line  drawn  from 
the  center  to  a body  in  the  circumference  of  the 
circle,  or  from  the  focus  to  a body  in  the  circum- 
ference of  the  ellipfis,  will  Jzveep  equal  areas  in 

equal  times. 

The  power,  therefore,  diredled  towards  the 
given  point  S has  no  effedt  on  the  magnitude  of 
the  area  deferibed  by  the  line  fuppofed  to  be  drawn 
from  the  body  to  that  point.  It  may  accelerate 
or  retard  the  motion  of  the  body,  but  aftedts  not 
the  area  or  fpace  deferibed  by  the  line,  d he  line 
will  Hill  continue  to  defcribe  the  fame  fpaces  irj 
equal  times,  abput  the  given  point,  as  it  would 
have  done,  if  no  new  force  had  acled  on  the  body, 
but  it  had  been  permitted  to  proceed  uniformly  in 
fhe  line  of  projedion. 
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As  one  impulfe  towards  the  given  point  has 
no  eftetfl  on  the  area  or  fpace  defcribed  by  the  ray 
Or  line  from  the  body  to  that  point,  fo  any  num- 
ber of  fuccelTive  impulfes  diredhed  to  the  fame 
point  can  have  no  effedl  on  the  area;  and  if  you 
fuppofe  the  power  directed  to  that  point,  to  adt 
continually,  it  will  bend  the  way  of  the  body  in 
motion  into  a curve,  and  may  accelerate  or  retard 
it’s  velocity,  but  can  never  alfedl  the  area  defcribed 
in  a given  time  by  a line  fuppofed  to  be  drawn  from 
the  b^ody  to  the  given  point,  which  will  always  be 
of  an  invariable  quantity,  equal  to  that  which  would 
have  been  defcribed  in  the  fame  time,  if  the  body 
had  proceeded  uniformly  in  a right  line  from  the 
beginning  of  the  motion. 

The  converfe  of  the  foregoing  propofitioii 
fhews,  that  if  a body  A deferibes  a curve  all  in 
one  plane,  and  if  there  be  a point  S fo  lituated 
in  this  plane,  that  a line  drawn  therefrom  to  the 
circumference  deferibes  proportional  areas  in  pro- 
portional times,  then  is  the  body  urged  round  by 
a force  tending  towards  that  center.  In  other 
words,  the  equable  incrcafe  of  the  areas  defcribed 
by  a line  drawn  from  a body  to  a given  point,  is 
an  indication  that  the  diredtion  of  the  power  that 
adts  upon  the  body,  and  that  dcHedls  it  into  a curve, 
is  diredded  to  that  point. 

By  the  fame  propofition  w’e  may  illuflrate 
and  explain  the  revolutions  of  the  primary  planets 
in  elliptical  orbits  (not  much  diti'ering  from  cir- 
cles) round  the  fun,  who  is  in  one  of  the  foci 
of  each  elliplis. 

Let  the  cllipfis  A B C D E F G H I K L M, 
fig,  4,  pL  I 5,  reprefent  the  orbit  of  a planet  mov- 
ing therein  round  the  fun  S,  according  to  the  order 
ot  the  letters,  the  fun  S being  in  one  of  the 
foci  of  the  ellipfis ; let  the  time  of  it’s  revo- 
lution be  divided  into  any  number  of  equal  parts, 

^ 3 fuppofe 
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fuppofc  12,  ill  moving  from  A through  BCD, 
&c.  the  planet  approaches  nearer  the  fun,  and  the 
central  tendency  continually  increafing  it’s  velo- 
city,  it  goes  through  greater  arcs  in  eqiCal  times, 
till  it  comes  to  G;  from  thence  it’s  motion  con- 
tinually carries  it  to  a greater  diftance  from  the 
lun,  and  it  deferibes  in  equal  times  fmaller  and 
fmallcr  arcs,  till  it  returns  to  7\,  from  whence  it 
proceeds  as  before. 

Now  the  triangular  fpaces  paffed  over  by  a 
line  drawn  from  the  planet  to  the  center  of  the  fun 
w ill  be  equal,  becaufe  in  the  planet’s  going  the 
firft  half  of  the  elliplis  from  A to  C,  the  arcs  which 
may  be  conlidcred  as  the  bafe  of  the  mixed  tri- 
angles deferibed  in  equal  rimes,  grow  longer  and 
•longer,  as  the  legs  grow  fliorter,  fo  as  to  preferve 
the  equability  of  the  triangular  fpace  : in  the  other 
half  of  the  ellipfis  in  the  planet’s  going  from  C to 
A,  the  arcs  grow  Ihorter;  but  this  is  compenfated 
by  the  greater  length  of  the  legs. 

The  fum  of  what  has  been  proved  is,  i.  that 
the  areas  or  fpaces  revolving  round  an  immove- 
able center  are  proportional  to  the  times  ; and, 
2d,  that  if  a body  revolving  round  a center  de- 
• feribes  about  it  areas  proportional  to  the  times, 
the  body  is  ad:uatcd  by  a force  direded  to  that 
center. 

But  by  Kepler’s  firfl  law,  we  know  that  the 
primary  planets  deferibe  round  the  fun,  and  the 
fecondary  planets  deferibe  round  their  refpedive 
primary  planets,  areas  proportional  to  the  times.” 
Idom  hence  it  is  inferred,  that  the  primary  planets 
are  retained  in  their  orbits  by  forces  which  are 
always  direded  to  the  fun  ; and  that  the  fecondary 
planets  are  retained  in  their  orbits  round  their  pri- 
mary planets  by  forces  which  are  always  direded 
to  ihofe  juimary  planets. 

Kepler’s  fecund  law  is,  “That  the  orbits  deferib- 
ed 
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cd  round  the  fun,  and  round  the  primary  planets,  are 
pilipfes,  having  the  fun,  or  the  primary  planet,  in 
the  focus.”  From  hence  it  is  inferred,  that  the 
accelerating  force,  by  which  a planet  is  retained 
in  the  different  parts  of  it’s  elliptical  orbit,  is  in- 
verfely  proportional  to  the  fquare  of  it’s  diftance 
from  the  fun,  or  from  it’s  primary. 

Kepler’s  third  law  is,  That  the  fquare  of 
Xhe  periodic  times  of  planets  revolving  round 
common  centers,  are  proportional  to  the  cubes  of 
their  mean  diliances.”  From  this  it  is  inferred, 
that  the  forces,  by  which  the  planets  are  retained 
in  their  different  orbits,  are  inverfely  proporti- 
onal to  the  fquares  of  their  diftances  from  the 
fun.  The  fame  reafoning  applies  to  the  fatellites. 

Hence  it  is  alfo  inferred,  that  the  forces,  by 
which  different  planets  are  retained  in'their  dif- 
ferent orbits,  are  not  forces  of  different  kinds,  but 
the  fame  force  operating  at  different  diftances. 

The  fecondary  planets  accompany  the  pri- 
mary planets  by  the  adiion  of  a force  ahvays  di- 
recSted  to  the  fun,  and  inverfely  proportional  to  the 
fquare  of  the  diftance  from  the  fun. 

That  the  moon  is  a heavy  hody\  and  gravitates  tozvards 
the  earth  in  the  fame  manner  as  terrejlrial  bodies 

Sir  Ifaac  Newton,  conftdering  that  the  powxr 
of  gravity  acts  equally  on  all  matter  that  is  on  or 
near  the  furface  of  the  earth,  that  it  is  not  fenftbly 
lefs  on  the  tops  of  the  higheft  mountains,  that  it 
atfcdis  the  air  and  reaches  upward  to  the  utmoft 
limits  of  the  atmofphere,  was  induced  to  think  it 
might  be  a more  general  principle,  and  extend  to 
the  heavens,  fo  as  to  affed;  the  moon  at  leaft, 
which  is  the  neareft  to  us  of  all  the  bodies  in  the 
fyftem.  He  afterwards  extended  this  principle  (fill 

S A further 
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furtlicr,  and  fliewcd,  that  the  planets  confided  of 
the  fame  gravitating  fubflaiicc  of  which  the  earth 
is  formed. 

The  effecls  of  the  power  of  gravity  upon  ter- 
redrial  bodies  may  be  reduced  to  three  claffes. 

I.  When  in  confcqucnce  thereof,  a body  at  rdf, 
fupported  by  ground,  fufpended  by  a firing,  or  any 
othenvays  kept  from  falling,  endeavours  always  to 
move.  In  fuch  cafes  the  effed  of  gravity  is  mca- 
fured  by  the  preffure  of  the  quiefeent  body  upon 
the  obflacle  that  hinders  it’s  motion. 

2.  When  a body  defeends  in  a vertical  line, 
it’s  motion  is  then  continually  accelerated,  in  con- 
fequence  of  the  inceffant  aiftion  of  the  power  of 
gravity  ; or  if  it  be  projedted  upwards  in  the  fame 
right  line,  it^s  motion  is  continually  retarded  by 
the  fame  power  adting  inceffantly  upon  it  in  a 
contrary  diredtion.  In  fuch  cafes  the  power  of 
gravity  is  meafured  by  the  acceleration  or  retarda- 
tion of  the  motion  produced  in  a given  time  by 
the  power  continued  uniformly  for  that  tlme.’^ 

3.  When  a body  is  projected  in  any  diredbion 
different  from  the  vertical  line,  the  diredion  of 
it’s  motion  is  continually  varied,  and  a curve  line 
is  deferibed  in  confcqucnce  of  the  incefllint  adion 
of  gravity  ; which  in  fuch  cafes  is  meafured  by 
the  riexurc  or  curvature  of  the  line  deferibed  by 
it;  for  the  power  mufl:  be  grcatdl  that  defieds  the 
courfe  of  the  body  mod  from  the  tangent  or  direc- 
tion  in  which  it  was  projedted. 

Lffedls  of  each  kind  of  the  power  of  gravity 
continually  fail  under  your  obfervations  near  the 
furface  of  the  earth  ; for  the  fame  power  which 
renders  bodies  heavy  while  they  are  at  relt,  accele- 
rates their  motion  when  they  defeend  perpendicu- 
larly, and  bends  their  motion  into  a curve  line 

when 


* See  Le6furc  on  Mechanics, 
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yhcn  they  are  projeviiled  in  any  other  diredlion  than 
that  of  their  gravity. 

We  can  judge  only  of  the  powers  that  adl:  on 
the  celedial  bodies  by  the  cheds  of  the  laff  kind; 
we  fee  bodies  near  the  earth  hilling  towards  it; 
but  this  is  a proof  of  the  moon’s  gravity,  which 
cannot  be  obtained  unlefs  the  prdent  Hate  of 
things  were  difiblved. 

When  a body  is  projeded  in  the  air,  you  do 
not  fee  it  fall  in  the  perpendicular  towards  the 
earth,  but  you  fee  it  falling  every  moment  from 
the  tangent  to  the  curvCy  that  is,  from  the  diredion 
in  which  it  would  have  moved,  if  it’s  gravity  had 
not  aded  for  that  moment. 

And  this  proof  is  obtained  of  the  moonhs 
gravity;  for  though  you  do  not  fee  her  falling 
dircdly  towards  the  earth  in  a right  line,  yet  you 
obferve  her  every  moment  defeending  towards  the 
earth  from  the  right  line,  which  was  the  diredion 
of  her  motion  at  the  beginning  of  that  moment, 
and  this  is  as  evident  a proof  of  her  being  a died 
upon  by  gravity  or  fome  power  fimilar  to  it,  as 
her  rcdilincal  defeent  would  be,  if  Hie  were  aU 
lowed  to  fall  freely  to  the  earth. 

If  wc  were  in  poircflion  of  engines  of  a fuf- 
-Hcient  force,  bodies  might  be  projeded  from 
them  fo  as  not  only  to  be  cai  ricd  a vaH  way  with- 
out falling  to  the  eaith,  but  fo  as  to  move  over  a 
quarter  of  a great -circle  thereof,  or  (abHracHinc/ 
from  the  rcfiHance  of  the  air)  to  move  round  the 
earth  without  touching  it,  and  after  returning  to 
their  firH  place,  commence  a new  revolution  \\  ith 
the  fame  force  which  they  firH  received  from  the 
engine,  and  after  that  a third,  and  thus  revolve 
as  a moon  or  fatellite  round  the  cartli  for  ev'cr. 

It  this  could  be  effeded  near  the  earth’s  fur- 
face,  it  might  be  done  higher  in  the  air,  or  even 
as  high  as  the  moon,  could  the  engine  or  an  equi- 
valent 
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valent  power  be  carried  up  and  made  to  ad  there. 
By  increafing  the  force  of  the  power,  a body  pro- 
portionally larger  might  be  thus  projected,  and 
by  a power  fufficiently  great,  a body  not  inferior 
to  the  moon,  might  be  at  firft  put  in  motion,  and 
'being  perpetually  retrained  by  it’s  gravity  from 
going  off  in  a drait  line  might  for  ever  revolve 
about  the  earth. 

Thus  Sir  If aac  Ncwlon  that  the  curvi- 
lineal  motion  of  the  moon  in  her  orbit,  and  of 
any  projedilc  at  the  furtacc  ot  the  earth,  were 
phenomena  of  the  fame  kind,  and  might  be  ex- 
plained upon  the  fame  principle  extended  from 
the  earth,  fo  as  to  reach  the  moon  ; and  that  the 
moon  was  only  a larger  projeclile  that  received 
it’s  motion  in  the  beginning  of  things  from  the 
Almighty  Author  of  the  univerfe. 

But  to  make  this  more  evident,  it  was  necef- 
fary  to  fhew^,  that  the  powers  which  ad  on  the 
moon,  and  on  projediles  near  the  earth,  and  which 
bend  their  motions  in  a curve  line,  were  direded 
to  the  fame  center^  and  agreed  in  the  quantity  of 
their  force  y as  well  as  in  their  di  red  ion. 

All  we  know  of  force,  relates  cither  to  it’s 
diredion  or  quantity,  and  a conflant  coincidence 
or  agreement  in  thefe  two  refpeds  is  fufheient 
ground  to  conclude  them  to  be  the  fame,  or  fimi- 
lar  phenomena,  derived  from  the  fame  or  like 
caufes. 

Now  I fhewed  you  in  the  Lednrc  on  mecha- 
nics, that  the  gravity  of  heavy  bodies  is  directed 
towards  the  center  of  the  earth  ; and  it  appears 
from  Kepler’s  ill  law,  as  I have  fhewn  you  in 
this  Lecture,  that  the  power  which  ads  on  the 
moon,  incdlantly  bending  her  motion  into  a curve, 
is  direded  towards  the  lame  center;  for  aftrono- 
mers  find,that  the  moon  does  not  deferibg  an  exad 
circle  about  the  earth,  but  an  ellipfe,  and  that 
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llie  approaches  to  the  earth,  and  then  recedes  f|’om 
it  in  every  revolution,  but  ftill  fo  as  to  have  her 
motion  accelerated  while  flie  approaches  to  the 
center  of  the  earth,  and  retarded  as  fhe  recedes 
from  it,  deferibing  equal  areas  in  equal  times ; an 
indication,  as  you  have  already  feen,  that  flie  is 
adfed  on  by  a power  directed  accurately  or  nearly 
towards  the  center. 

There  is,  therefore,  a power  which  defledfs  the 
moon  from  a redlilineal  courfe,  and  which  like 
gravity  makes  her  defeend  towards  the  center  of 
the  earth;  fo  that  if  the  projedtile  force  were  de- 
ftroyed,  the  w'ouid  fall  to  the  earth  in  a diredf  line; 
and  as  this  power  adts  incelTantly,  bending  every 
moment  her  path  into  a curve,  it  would  make  her 
defeend  to  the  earth  with  an  accelerated  motion, 
like  that  of  heavy  bodies  in  their  fall. 

It  remains,  therefore,  only  to  Ihew,  that  the 
power  W'hich  adts  on  the  moon,  agrees  with  gra- 
vity in  the  quantity  of  it’s  force,  as  wcU  as  in 
other  refpedts.  But  before  we  compare  them  in 
this  particular,  I mufc  obferve  to  you,  that  the 
power  which  adls  upon  the  moon,  is  not  the  fame 
at  all  diftances,  but  is  always  greatell  wht_  fae  is 
ncareft  the  earth. 

To  be  fatisfied  of  this,  it  is  only  neceffary  to 
obferve,  as  before,  that  to  bend  the  motion  of  a 
body  into  a curve  when  it  moves  wdth  a greater 
velocity,  requires  more  power  than  when  it  de- 
feribes  the  lame  curve  with  a lefs  velocity. 

Though  what  I have  juft  afterted  is  fuflicient- 
ly  obvious,  it  may  appear  more  fully  by  conlider- 
ing  a diagram  ; imagine,  therefore,  a tangent,  //;'•. 
5>  I5>  drawn  at  the  beginning  of  a fmall  arc 

clefcribed  by  the  body;  and  as  this  is  the  line  whidi 
the  body 'Would  have  followed,  if  no  new  power 
had  adled  upon  it,  the  efteCl  of  that  power  is  efti- 
mated  by  the  depreftion  of  the  other  extremitv  of 
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the  arc  under  that  tangent : now  it  is  plain,  that 
in  arcs  of  the  fame  curvature,  the  greater  the  arc 
is,  the  farther  muff  one  extremity  of  it  fall  below 
the  tangent  drawn  at  the  other  extremity  ; and  con- 
fequently,  when  a body  deferibes  a greater  arc,  it 
nuilt  be  acted  on  by  a greater  power  than  when  it 
describes  a lefs  arc  in  the  fame  time.  Now  as 
the  moon  approaches  the  earth,  her  motion  is  ac- 
celerated, is  fwiftefl:  at  her  leaff  diltance,  floweft 
at  hergreatcH:  di fiance,  and  the  forces  Ihe  deferibes 
at  her  greateft  and  leaft  di  fiance  have  the  fame 
curvature,  therefore  the  force  which  adts  upon  her 
at  her  lead  dillance  when  her  motion  is  fwiftefl, 
mud  be  the  greated  force. 

It  will  not  now  be  difficult  to  fee  according 
to  what  law  this  power  varies  at  her  lead  and 
greated  didance  from  the  earth.  To  render  this 
eadcr,  let  us  airume  a fimple  cafe,  and  fuppofe 
that  her  lead  didance  is  half  that  of  her  greated. 
If  this  were  true,  the  moon  would  move  with  double 
velocity  in  her  lead  didance  ; and  the  fpace  de- 
fc ribed  by  a ray  from  her  to  the  earth  might  be 
equal  to  the  fpace  deferibed  in  the  fame  time  at 
her  greited  didance;  fo  that  fhe  would  deferibe  at 
her  lead  didance  an  arc  in  one  minute  equal  to 
the  arc  fhe  w’ould  deferibe  in  two  minutes  at  her 
greated  didance,  and  would  fall  as  much  below 
the  tangent  at  the  beginning  of  the  arc  in  one 
minute  in  the  lower  part  of  her  orbit,  or  the  peri-- 
gaeum,  as  in  two  minutes  in  the  higher  part  of 
her  orbit  or  her  apogaeum. 

If  therefore  her  projeedile  force  was  dedroyed 
at  her  lead  didance,  fhe  would  fall  towards  the 
earth  as  much  in  one  minute,  as  in  two  minutes 
if  her  projcdlile  force  was  dedroyed  at  her  greated 
didance. 

But  the  fpaces  deferibed  by  a falling  body  arc  as 
the  fq  Liares  of  the  times,  and  fuch  a body  defeends 

I through 
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through  a quadruple  fpacc  in  a double  time;  tnat 
the  moon  defeending  freely  would  necelfarily  fail 
four. times  as  far  in  two  minutes  as  in  one  minute; 
that  is,  through  four  times  as  much  fpace  in  one 
minute  at  her  leaft  dilfance,  as  at  her  gicateft  dif- 

tance  in  the  fame  time. 

But  the  forces  with  which  heavy  bodies  de-. 
feend  are  in  the  fame  proportion  as  the  fpaccs  de- 
feribed,  in  confequence  of  thofe  forces,  in  equal 
fmall  parts  of  time;  confequently  the.  force  which 
ads  at  the  leaft  diftance  is  quadruple  that  which 
ads  at  a greater  diftance,  when  the  latter  is  fup- 
pofed  to  be  double  the  former ; or  the  forces  are  as 
4 to  I,  when  the  diftances  are  as  i to  2.  1 he 

force  therefore  w'hich  ads  upon  the  moon,  and 
bends  her  into  a curvilinear  orbit,  incrcafes  as 
the  diftance  from  the  center  of  the  earth  decreafes, 
fo  as  to  be  quadruple  at  half  that  diftance. 

In  the  fame  manner  it  is  ihewn,  that  if  her 
leaft  diftance  was  the  third  part  only  of  her  greateft 
diftance,  her  velocity  would  be  triple  at  the  leaft 
diftance,  to  preferve  the  equability  of  tlie  areas  de- 
feribed  by  a ray  drawn  from  her  to  the  center  of 
the  earth;  and  that  ftie  would  be  aded  upon  there 
by  a power,  which  would  have  the  fame  effed  in 
one  minute,  as  in  three  minutes  at  her  greateft  dif- 
tance; fo  that  if  ftie  was  allowed  to  defeend  freely 
from  each  diftance,  ftie  would  fall  9 times  as  far 
from  the  leaft  diftance  as  from  the  greateft  in  the 
fame  time  ; confequently  the  power  itfelf  which 
caufes  her  to  defeend  would  be  nine  times  greater 
at  the  third  part  of  the  diftance,  or  the  diftances 
being  as  i to  3,  the  force  would  be  as  9 to  i,  or 
jnverfely  as  the  fquares  of  the  diftances. 

In  the  fame  manner  if  appears,  that  when  the 
greateft  and  leaft  diftances  are  fuppofed  to  be  in  any 
proportion  of  a greater  to  a lefs  number,  the  ve- 
locities of  the  revolving  planet  are  in  the  inverfc 

ratio 
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numbers;  and  that  the  powers 
which  defied  or  bend  it’s  motion  into  a curve,  arc 
in  r^he  inverfe  ratio  of  thofc  numbers. 

To  confider  this  in  pmneral,  let  T,  fy.  cpI  j r 
rcprefcnt  the  center  of  the  earth,  A L P the  moon’s 

A p v'V  apogieum,  P the  perigsum. 

P M tangents  at  thofe  points.  A M and 

any  mall  arcs  deferibed  by  the  moon  in  equal 
times  at  thole  dillances,  M H.  N K,  the  fubtenfes 
5*  ^ ^ ^tig  cs  ot  contact,  terminated  by  the  tanerents 
HI  H and  k ; then  M H and  N K will  be  equal 
to  the  fpaces  that  would  be  deferibed  by  the 
moon,  if  allowed  to  fall  freely  from  the  refpec- 
,rive  places  A and  P in  equal  times ; and  will  be  in 
if*  proportion  to  each  otherj  as  the  powers 
^yhicn  aeft  upon  the  moon,  and  infled  her  courfe  at 
^nole  places. 

Let  A m be  taken  equal  to  P N , and  m h pa- 
rallel to  AP  meet  the  tangent  at  A inh;  now 
as  the  eurvature  of  the  ellipfe  is  the  fame  at  A as 

toK  N;  and  if  the  moon  was 
to  tall  fVeely  from  the  places  P and  A towards  the 
earth,  her  gravity  would  have  a greater  effed  at  P 
than  at  A,  in  equal  times,  in  proportion  as  m h is 
greater  than  M H.  But  m h is  the  fpace  which 
tlic  moon  would  deferibe  freely  by  her  gravity  at 
, in  the  time  w'hich  m h would  be  deferibed  by 
her  projedile  motion  at  A,  and  M H is  the  fpace 
through  which  the  would  defeend  freely  by  her 
gravity  at  A in  the  time  in  which  A H w^ould  be 
deicribed  by  her  projedile  motion;  and  thefe  fpaces 
eing  as  the  fquares  ol  the  times,  it  follows,  that 
m h IS  to  M H,  as  the  fquare  of  A h to  the  fquarc 

A 1 T bm  \ equality  of  the  areas 

^ ) fquare  of  T P to  the  fquare 

,ol  1 A.  ^ 

Iheiefore  thegiavity  at  P is  to  the  gravity  at 
A,  as  the  fquare  of  T A to  the  fquarc  of.T  P ; that 
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is,  the  gravity  of  the  moon  tov/ards  the  earth  in- 
creafes  in  the  fame  proportion,  as  the  fquare  of  thd 
(diftance  from  the  center  ot  the  earth  decreafes. 

Sir  Ifliac  Newton  hiews  the  aiiiverfality  of  this 
iaw,  in  all  her  diftances,  from  the  direction  of  the^ 
power  that  adls  upon  her,  and  from  the  nature  ot 
the  ellipfis,  the  line  which  (lie  deferibes  in  her  re- 
volution ; and  it  follows  from  the  properties  pf  this 
curve,  that  if  you  take  fmall  arcs  deferibed  by  the 
moon  in  equal  times,  the  fpace  by  which  the  ex- 
tremity of  any  arc  defeends  towards  the  earth  be- 
low it’s  tangent  at  the  other  extremity,  is  always 
greater  in  proportion  as  the  fquare  of  the  diflance 
from  the  focus  is  lefs  ; from  v/hich  it  tollow's,  that 
the  power  which  is  proportional  to  this  fpace  ob- 
ferves  the  fame  proportion. 

The  moon’s  orbit,  according  to  aftronomers, 
differs  not  much  from  a circle  ot  a radius  equal  to 
6o  times  the  femi-diameter  of  the  earth  ; and  the 
circumference  of  her  orbit  is  therefore  about  6o 
times  the  circumference  of  a great  circle  of  the 
earth. 

From  this  the  circumference  of  the  moon’s 
orbit  is  eafily  computed,  and  as  Ihe  finifhes  her 
revolution  in  27  days,  7 hours,  and  43  minutes,  it 
is  alfo  eafy  to  calculate  what  arc  fire  deferibes 
in  one  minute. 

The  next  thing  is  to  compute  how  much 
this  arc  of  one  minute  is  defledted  beiow  a tangent 
drawn  at  the  other  end  : now  geometricians  prove, 
that  this  fpace  is  nearly  a third  proportional  to  the 
diameter  of  her  orbit,  and  the  arc  die  deferibes  in 
a minute  ; whence  by  an  eafy  calculation  this  fpace 
is  found  to  be  about  16  feet  i inch. 

But  you  have  feen  that  this  fpace  was  deferibed 
in  confequence  of  her  gravity,  or  tendency  to- 
wards the  earth,  which  is  therefore  a power,  that 
at  the  diftance  of  60  femi-diam^ters  of  the  earth, 

%*  * ■ 7 f ' ' 1.  • 
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is  able  io  make  her  defeend  in  one  minute  through 
16  feet  I inch. 

Now,  as  this  power  increafes  as  fhe  ap^ 
proaches  the  earth,  let  us  fee  what  it’s  force  would 
he  at  the  furface  thereof ; and  for  this  purpofe,  let 
us  fiippofe  her  to  defeend  fo  low  in  her  orbit  as 
at  her  lead:  di dance  to  pads  by  the  furface  of  the 
earth;  flte  would  then  be  60  times  nearer  to  the 
renter  of  the  earth,  and  move  with  a velocity  60 
times  greater,  that  the  areas  deferibed  by  a line 
drawn  from  her  to  that  center  in  equal  times, 
might  dill  continue  equal. 

The  moon  therefore,  palling  by  the  earth  at 
her  lowed  ebb,  would  deferibe  an  arc  in  one  fe- 
cond  of  time,  (the  60th  part  of  a minute)  equal  to 
chat  fhe  deferibes  in  one  minute  at  her  prefent 
mean  didance,  and  would  fall  as  much  below 
the  tangent  at  the  beginning  of  the  arc  in  a fe- 
cond,  as  die  falls  from  the  tangent  at  her  mean 
didance  in  a minute;  that  is,  die  would  fall  near 
the  furface  of  the  earth  16  feet  i inch  in  one  fe- 
cund of  time. 

Now  this  is  exaflly  the  fame  fpace,  through 
which  all  heavy  bodies  are  found  by  experience  to 
defeend  by  their  gravity  near  the  furface  of  the 
earth.  The  moon,  therefore,  would  defeend  at  the 
furface  of  the  earth  with  the  fame  velocity,  and 
every  way  in  the  fame  manner,  as  heavy  bodies  fall 
towards  the  earth;  and  the  power  which  ads  upon 
the  moon,  agreeing  in  dlretlion  force  with  the 
gravity  of  heavy  bodies,  and  ading  incefTantly 
every  moment,  as  their  gravity  does,  they  muft 
be  of  the  fame  kind,  and  proceed  from  the  fame 
caufe. 

Thus  Sir  IJaac  diewcd,  that  the  pow'er 

of  gravity  is  extended  to  the  moon  ; that  die  is 
heavy,  as  ail  bodies  belonging  to  the  earth  are 
found  to  be;  and  that  fnc  is  retained  in  her  orbit 

by 
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by  the  fame  caiife  which  occafions  a ftonc,  a bul- 
Icti  or  any  other  projedile,  to  deferibe  a curve  in 
the  air.  If  the  moon  or  any  part  of  her  were 
brought  down  to  the  earth,  and  projedled  in  the 
fame  line,  and  with  the  fame  velocity  as  a ter- 
redrial  body,  it  would  move  in  the  fame  curve.  On 
the  other  hand,  if  any  body  was  carried  from  our 
earth  to  the  diltance  of  the  moon,  and  was  pro- 
jedled  in  the  fame  direflion  and  with  the  fam‘c 
velocity  with  which  the  moon  is  moved^  it  would 
proceed  in  the  fame  orbit  which  the  moon  de- 
feribes;  and  with  the  fame  velocity.  Thus  the 
moon  is  a prqjedile,  and  the  motion  of  every  pro- 
jedile  gives  an  image  of  the  motion  of  a fatellite 
or  moon* 

^'hat  the  primary  planets  are  heavy  bodies,  and 
gravitate  towards  the  fnn  ; and  that  the  fecon^ 
dary  planets  gravitate  towards  their  refpc&ive 
primaries^ 


Obfervation  proves,  that  each  of  the  primary 
planets  bend  their  path  about  the  center  of 
the  fun;  are  accelerated  as  they  approach  to  him, 
and  are  retarded  as  they  recede  from  him;  always* 
deferibing  equal  areas  in  equ^l  times;  from  whence 
it  follows,  that  the  power  by  which  they  are  dc- 
he6led  muft  be  directed  to  the  fun.  This  power 
alfo  varies  always  in  the  fame  manner  as  the  gra- 
vity of  the  moon  tow^ards  the  earth. 


Ihe  fame  reafoning,  by  which  the  gravity  of 
the  moon  towards  the  earth  at  her  greateft  and 
lead  diftances  were  compared  together,  may  be 
applied  in  comparing  the  powers  which  adl  on  any 
primary  planet  at  it’s  greatefl  and  lead  difanccs 
from  the  fun;  and  it  will  appear^  that  thefe  powers 
incrcafe  as  the  fquarc  of  the  didances  from  the  fun 
decreafe. 

VoL.  IV,  T P 
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But  the  univerfality  of  this  law,  and  the  uni- 
formity of  nature,  ftill  further  appear,  by  com- 
paring the  motions  of  the  different  planets. 

The  power  which  ad;s  on  a planet  that  is 
nearer  the  fun,  is  manifeftly  greater  than  that 
which  adls  on  a planet  more  remote,  both  becaufe  it 
moves  with  more  velocity,  and  becaufe  it  moves 
in  a lefs  orbit,  (which  has  more  curvature,  and 
of  courfe  the  body  requires  more  force  to  be  more 
defle(flcd  from'  it's  retlilinear  courfe.)  By  compar- 
ing the  motions  of  the  planets,  it  is  found,  that 
the  velocity  of  a nearer  planet  is  greater  than  that 
of  one  more  remote,  in  proportion  as  the  fquare 
root  of  the  number  exprefling  the  greater  dif- 
tance,  to  the  fquare  root  of  the  number  exprefling 
the  leifer  diftance  ; fo  that  if  one  planet  be  4 times 
farther  from  the  fun  than  another  planet,  the  velo- 
city of  the  firfl:  would  be  half  the  velocity  of  the 
latter,  and  the  nearer  planet  would  deferibe  an 
arc  in  i minute  equal  to  the  arc  deferibed  by  the 
higher  planet  in  2 minutes  ; and  the  nearer  planet 
would  deferibe^  by  it’s  gravity,  four  times  as  much 
fpace  as  the  other  w'ould  deicribe  in  the  fame 
trmc  ; by  the  law  of  falling  bodies,  the  gravity  of 
the  nearer  planet  would  therefore  appear  to  be 
c]uadruple,  trom  the  conlideration  of  it’s  greater 
velocity  only.  But  further,  as  the  radius  of  the 
lefiTer  orbit  is  fuppofed  to  be  4 times  lefs  than  the 
radius  of  the  other,  the  Iclfcr  orbit  muft  be  4 times 
more  curve,,  and  the  extremity  of  a fmall  dtre  of 
the  fame  length  will  be  four  times  farther  below 
the  tangent  drawn  at  the  other  extremity  in  the 
klfer  orbit  than  in  the  greater ; fo  that  though 
the  velocities  w'cre  equal,  the  gravity  ot  the  nearer 
planet  would  on  this  account  only  be  found  to  be 
quadruple. 

On  ooth  thefe  accounts  together,  the  greater 

velocity  of  the  nearer  planet,  and  the  greater  cur- 
vature 
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vaturt  of  it’s  orbit,  the  dcflcdling  force,  dr  it’s 
gravity  towards  the  lun,  tnuft  be  fuppofcd  16  times 
greater,  though  it  s didance  from  the  fun  is  only 
4 times  lefs  than  the  other;  that  is,  when  the  dif- 
tances  are  as  i to  4,  the  gravity  is  reciprocally 
as  the  fquares  of  thefe  numbers,  or  as  16  to  i.  By 
comparing  the  motions  of  all  the  planets  it  is  found, 
that  their  gravities  decreafe  as  the  fquares  of  their 
diftances  from  the  fun  increafe. 

The  fame  principle  that  governs  the  motion 
of  the  planets  in  the  great  folar  fyftem,  governs 
alfo  the  motion  of  the  fatellites  in  the  lelTer  fyf- 
tem, of  which  the  greater  is  compofed. 

There  is  the  fame  harmony  in  their  motions 
compared  with  their  diftances,  as  in  the  great  fyf- 
tem Jupiter’s  fatellites  are  continually  bent  from 
the  lines  that  are  the  diredion  of  their  motions, 
each  defcribing  equal  areas  in  equal  times,  by  a 

ray  drawn  to  the  center,  to  which  their  gravity 
IS  therefore  direded.  ° ^ 

The  nearer  fatellites  move  wdth  greater  ce- 
lerity, in  the  fame  proportion  as  the  nearer  primary 
planets  move  more  fwiltly  round  the  fun;  and  their 
gravity  therefore  varies  according  to  the  fame  law. 
Ihe  fame  is  to  be  laid  of  Saturn’s  fatellites. 

r a power  that  preferves  the 

''arious  motions, 

ads  at  their  furfeces,  and  is  extended  around  them, 
decreafing  m the  fame  manner  as  that  which  is 
extended  from  the  earth  and  fun  to  all  diflances 

They  accompany  their  primary  planets  in  their 
rnotion  round  the  fun,  and  move  about  them  at 
the  fame  time,  with  the  fame  regularity  as  if 
their  primaries  were  at  ref.  It  is  as  in  a fhip.  or 
In  any  fpace  carried  uniformly  forward,  in  which 
the  natural  adions  of  bodies  arc  the  fame  as  if  the 
Ipace  was  at  relf,  being  no  way  affeded  by  that 
motion  which  is  common  to  all  the  bodies 

^ ■ As 
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As  every  proje(5tiIe,  while  it  moves  in  the  air, 
gravitates  towards  the  fun,  and  is  carried  along 
with  the  earth  about  the  fun,  while  it’s  own  mo- 
tion in  it’s  curve  is  as  regular  as  if  the  earth  were 
at  reft  ; fo  the  moon,  which  is  only  a greater  pro- 
je(51:ile,  muft  gravitate  towards  the  fun,  and  while 
it  is  carried  along  with  the  earth  about  the  fun,  is’ 
not  hindered  by  that  motion  from  performing  it’s 
monthly  revolutions  towards  the  earth.  It  is  the 
fame  with  refpeeft  to  the  other  fccondary  planets. 

Thus  the  motions  in  the  great  folar  fyftem, 
and  in  the  lelfer  particular  fyftems  of  each  planet, 
are  confiftent  with  each  other,  and  are  carried  on 
in  a regular  harmony,  without  any  confufion  or 
mutually  interfering  with  one  another,  except  what 
neceftarily  arifes  from  fmall  inequalities  in  the 
gravities  of  the  primary  and  fccondary  planets,  and 
the  want  of  exad  parallelifm  in  the  direction  of 
thefe  gravities. 

Obfervation  (hews,  that  the  deflevflion  of  the 
moon  to  the  earth,  and  of  the  planets  to  the  fun, 
is  accompanied  by  an  equal  and  oppofite  deflexion 
of  the  earth  to  the  moon,  and  ot  the  fun  to  the 
planets  ; from  w hich  it  is  inferred,  that  the  forces 
which  produce  thefe  deflections  are  mutualy  equal, 
and  oppofite. 

As  the  planets  are  deflected  towards,  each 
other,  and  as  thefe  deflections  are  inverlely  pro- 
portional to  the  fquare  ot  the  diftance  from  the 
planet  towards  which  they  arc  infledted  ; it  follows, 
that  all  the  bexiies  of  the  folar  lyftem  turn  tow^ards 
kach  other  with  forces  which  are  inverfely  propor- 
tional to  the  fquare  of  the  diftanccs. 

I'he  curve  which  a body  deferibes  deter- 
mines the  law  of  it’s  gravitation,  or  the  relation 
which  fubfifts  between  the  intcnfity  of  the  gravi- 
tating force,  and  the  diftance  from  the  point  to 
which  it  gravitates. 
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If  the  gravitation  of  every  particle  of  gravi- 
tating matter  is  fuppofed  to  be  the  fame  in  the 
fame  circumflances,  then  the  relation  which  is 
obferved  between  the  didances  and  the  periodic 
times,  will  determine  the  proportion  of  gravitating 
matter  in  a planet ; and  on  this  fuppofuion  it  has 
been  concluded  from  the  phenomena,  that  this 
proportion  is  the  fame  in  all.  But  as  this  fup- 
pofition  is  not  formed  from  any  direct  arguments, 
all  that  can  be  jultly  inferred  from  this  obferved 
relation  is^  that  the  gravitation  of  each  plarnet, 
taken  in  cumiilo^  is  proportional  to  it's  quantity 
of  gravitating  matter. 

Of  the  Center  of  the  Solar  System. 

Sir  Ifaac  Newton  having  found  that  the  celef-  . 
tial  bodies  gravitate  towards  each  other,  and  to- 
wards all  other  bodies  in  the  fydem,  neither  of 
them,  nor  indeed  any  body  in  the  whole  fyftem, 
can  be  fuppofed  to  be  void  of  all  motion. 

The  center  of  gravity  of  the  whole  fyftem  is 
the  only  point  therein,  w'hich  can  be  fuppofed 
quiefeent  ; it  is  the  only  immoveable  point,  round 
which  all  the  bodies  in  the  fyflem  rnovc  with  va- 
rious motions. 

On  an  accurate  examination  of  the  tendencies 
of  the  planets,  it  is  found,  that  the  center  round 
which  each  planet  revolves,  is  not  the  center  of 
the  fun,  but  the  point  which  is  the  common  center 
of  gravity  of  the  fun  and  planet,  whofe  revolution 
is  confidered.  Thus  the  mafs  of  the  fun  being  to 
that  of  Jupiter,  as  i to  and  the  diftance  of 
Jupiter  from  the  fun  being  to  the  fun’s  femi- 
diameter  in  a ratio  fomewhat  greater,  it  fol- 
lows, that  the  common  center  ot  gravity  of  Jupiter 

and  the  fun  is  not  far  dilfant  from  the  lurtacc  of 
the  fun. 

T 3 By 
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By  the  fame  methods  of  rcafoning,  it  is  found, 
that  the  common  center  of  gravity  of  Saturn  and 
the  fun  falls  within  the  furfacc  of  the  fun  ; an4 
alfo,  that  if  all  the  planets  were  placed  on  the  fame 
fide  of  the  fun,  the  common  center  of  gravity  of 
the  fun  and  all  the  planets,  would  fcarce  be  one  of 
his  diameters  diftant  from  his  center. 

It  is  about  this  center  of  gravity,  that  the 
planets  revolve,*  and  the  fun  himfelf  ofcillates  round 
this  center  in  proportion  to  the  actions  of  the 
planets  exerted  on  him. 

When,  therefore,  the  rnotion  of  two  bodies, 
whereof  the  one  revolves  round  the  other,  is  con- 
lidered  rigoroufly,  the  central  body  fhould  not  be 
regarded  as  fixed,  as  they  both  revolve  round  their 
common  center  of  gravity;  but  the  fpaces  they 
deferibe  round  this  co.mnion  center  being  in  the 
inverfe  ratio  of  their  maffes,  the  curve  deferibed 
by  the  body  which  is  the  greatefi:  mafs,  is  almofi;  in- 
fenfible;  for  which  reafori,  the  curve  deferibed  by 
the  body,  whofe  revolution  is  fenfible,  is  only  tp 
be  confidered,  and  the  fmall  motion  of  the  central 
body,  which  is  regarded  as  fixed,  is  neglecfied. 

The  earth  and  the  moon  therefore  revolve 
round  their  common  center  of  gravity,  and  this 
center  of  gravity  revolves  round  the  center  of  gra- 
vity of  the  earth  and  fun.  The  cafe  is  the  fame 
w ith  Jupiter  and  his  moons,  Saturn  and  his  fatel- 
lites,‘and  with  the  fun  and  all  the  planets.  And 
the  fun,  according  to  the  different  pofition  of  the 
planets,  moves  fucceffively  on  every  fide  around 
the  common  center  of  gravity  of  our  planetary 

fyftem.  ‘ * ‘ ' . 

This  center  is  the  point  where  all  the  bodies 
of  our  planetary  fyfiem  would  meet,  if  their  pro- 
jedtile  forces  were  deflroyed,  though  the  fun  is  in 
perpetual  agitation,  being,  as  I have  lliewn  you,  fo 

' > ' neat’ 
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Rear  it,  he  may  with  propriety  be  conhclcrcd  by 
aftronomers  as  the  center  of  the  folar  fyftem, 

Gravity  produces  Jome  fmall  irregularities  in  the 

motion  of  the  planets, 

Tlie  regularity  of  the  planetary  motions  rs 
difturbed  by  their  mutual  gravitation,  eachdifturb- 
ing  the  motions  of  the  other,  with  a force  propor- 
tional to  it’s  quantity  of  matter  diredly,  and  to 
thefquare  of  it’s  diftance  from  them  inverfely.  In 
order  to  calculate  thefe  difturbances,  it  was  necef- 
fary  for  mathematicians  previoufly  to  afceitain  the 
quantity  of  matter  in  the  fun  and  planets. 

When  a fleet  of  fltips  is  carried  away  by  a cur- 
rent that  alfcds  them  equally,  it  has  no  eHecl  on 
their  particular  motions  amongfl:  themfelves,  nor 
is  the  motion  from  the  current  difeovered  by  them, 
unlefs  they  have  fome  body  in  fight,  that  is  not  af- 
fected thereby  in  the  fame  manner.  The  regula- 
rity in  the  motions  of  a planet  A round  the  fun, 
would  not  be  difturbed  by  the  gravitation  to  a pla- 
net B,  if  the  fun  and  the  planet  A did  gravitate  to 
B with  equal  forces,  and  in  parallel  directions  ; and 
the  difturbance  of  the  motion  of  A,  arifes  from  the 
inequality  and  obliquity  of  the  gravitations  of  the 
fun,  and  of  A and  of  B, 

In  confequence  of  this  difturbing  force,  the 
motion  of  the  earth  in  it’s  orbit  is  retarded,  from 
the  time  that  Jupiter  is  in  oppofition  to  the  time 
that  he  is  in  quadrature  with  the  fun.  Jt  is  then 
accelerated  till  he  is  in  conjunction,  then  retarded 
till  he  is  in  quadrature,  and  then  accelerated  till  he 
is  again  in  oppohtion. 

The  earth’s  gravitation  to  the  fun  is  increafed 
while  Jupiter  is  in  or  near  the  quadratures,  and  di- 
minilhed  while  he  is  in  or  near  the  conjunction 
and  oppofition. 

T 4 
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The  augmentation  of  the  earth’s  gravitation 
to  the  fun  is  greatefi:  when  Jupiter  is  in  quadrature, 
being  then  about  of  the  whole  gravitation  to 

the  fun.  The  diminution  of  the  earth’s  gravitation 
to  the  fun  is  greateft  when  Jupiter  is  in  oppofition, 
being  then  about  of  the  whole  gravitation. 

’ The  diminution  of  the  earth’s  gravitation  to 
the  fun  when  Jupiter  is  in  conjunction,  is  about 
Trh^  of  the  whole  gravitation. 

In  confequence  of  this  change  in  the  earth’s 
gravitation  to  the  fun,  the  line  of  the  aplides  of 
the  earth’s  orbit  changes  it’s  place  in  the  heavens, 
fometimes  advancing,  and  fometimes  retreating ; 
but,  on  the  whole,  advancing,  becaufe  the  earth’s 
gravitation  to  the  fun  is  more  diminiflied  than  it  is 
augmented. 

In  like  manner,  the  aphelion  of  any  inferior 
planet  advances  in  confequence  of  the  gravitation 
to  the  fuperior  planets;  but  the  aphelion  of  a fupe- 
rior  planet  retreats  in  confequence  of  it’s  gravita- 
tion to  the  inferior  planets.  For  thefe  rcafons,  and 
becaufe  Jupiter  and  Saturn  are  much  larger  than 
the  inferior  planets,  the  aphelia  of  all  the  planets, 
excepting  Saturn,  advance,  while  the  aphelion  of 

Saturn  retreats.  ' • ' - < 

■’  The  accelerations  and  retardations  of  the  pla- 
nets Mercury,  Venus,  the  Earth,  and'  Mars,  arifing 
from  their  mutual  gravitations,  and  their  gravita- 
tions to  Jupiter,  nearly  Compenfate  each  other;  and 
no  eheCts  of  them  are  pdreeived  in  any  long  trad: 
of  years.'  But  the  pofition  of  the  aphelia  of  Jupiter 
and  Saturn  is  fuch,  that  the  retardations  of  Saturn 
fenfibly  exceed  the  accelerations';  fo  that  the  ano- 
malillic  period  of  Saturn  is  increafing,  at  prefent, 
iibout  a day  in  a century.  ' On'  the  contrary,  the 
period  of  Jupiter  is  diminifhing.  ' " 

The  dillurbaric’es  occalibned  by  the  mutual 
Gravitations  of  the  planets  and  comets  are  conhder^ 

able. 
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able.  The  comet  of  1777  has  fuffercd  a remark- 
able change  in  it’s  motions  by  the  a(5lion  of  Jupiter. 

The  earth’s  motion  round  the  fun  is  remarka- 
bly affedied  by  the  moon. 

In  confequence  of  the  mutual  gravitations  of 
the  planets,  the  nodes  of  a dillurbcd  planet  retreat 
on  the  orbit  of  the  dillurbing  planet.  Hence  the 
nodes  of  all  the  planets  retreat  on  the  ecliptic,  ex- 
cept that  of  Jupiter,  which  advances  by  retreating 
on  the  orbit  of  Saturn,  from  which  it  fuffers  the 
greatefl:  difturbance. 

Of  the  Approach  and  Recess  of  the  Planets 

TO  AND  FROM  THE  SuN  IN  EVERY  REVOLUTION. 

Having  fhewn  you  that  the  forces  which  pro- 
duce the  regular  motions  of  the  planets,  vaftly  ex- 
ceed thofe  thatdiflurb  them,  I lhall  explain  more 
fully,  how  the  motions  in  their  orbits  proceed  from 
the  adtions  of  thofe  powers ; and  how  the  planet 
is  made  to  afeend  and  defeend  by  turns,  while  it 
revolves  about  the  center  of  it’s  gravitation. 

We  have  nothing  limilar  to  this  in  the  mo- 
tion of  heavy  bodies  at  the  earth’s  furface  ; but  you 
muh  remember,  that  the  force,  with  which  heavy 
bodies  are  projedled  from  our  mofi:  powerful  en- 
gines, is  inconliderable,  compared  with  the  motions 
which  their  gravity  could  generate  in  them  in  a 
few  minutes  ; and  they  move  over  Inch  fmallfpaces 
when  compared  with  their  difiances  from  the  cen- 
ter of  the  earth,  that  their  gravity  is  confidcred  as 
adting  in  paiallcl  lines,  without  any  fenfible  error ; 
fo  that  the  centrifugal  force  arifing  from  the  rota- 
tion about  that  center,  is  altogether  negledted. 

But  when  the  motion  of  a projedlilc  in  the 
iarger  fpaces  is  examined,  and  traced  in  it’s  orbit, 
it  is  neceffaiy  to  take  in  the  centrifugal  force, 
arifing  from  it  s motion  of  rotation  about  that 

center; 
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center  ; and  then  it  will  appear,  that  there  arc  in- 
deed fome  laws  of  gravity,  which  would  make  the 
body  approach  to  the  center  continually,  till  it  fall 
into  it,  but  that  there  are  other  laws  which  make 
bodies  to  approach,  and  fuffer  them  to  recede  from 
it  by  turns. 

If  a planet  at  6,  pi.  15,  gravitates,  or  is 
attradcd  toward  the  fun,  fo  as  to  fall  from  B to  y 
in  the  time  that  the  projectile  force  would  have 
carried  it  from  B to  X,  it  will  deferibe  the  curve 
B Y by  the  combined  action  of  thefe  two  forces,  in 
the  fame  time  that  the  projeCtile  force  fingly  would 
have  carried  it  from  B to  X,  or  the  gravitating  power 
fingly  have  caufed  it  to  defeend  from  ’B  to  y ; and 
thefe  two  forces  being  duly  proportioned,  and  per- 
pendicular to  each  other,  the  planet  obeying  them 
both,  will  rnpve  in  the  circle  BYT. 

But  if  whilft  the  p.rojedile  force  would  carry 
the  planet  from  B to  b,  the  fun’s  attraction 
(which  conltitLites  the  planet’s  gravitation)  fhould 
bring  it  down  from  B to  i,  the  gravitating  power 
would  then  he  too  ftrong  for  the  projeCtile  force, 
and  would  caufe  the  planet  to  deferibe  the  curve 
B C.  When  the  planet  comes  to  C,  the  gravi- 
tating power  (which  always  increafes  as  the  fquarc 
of  the  diflance  from  the  iiin  diminiliics)  will  be  yejt 
ftronger  for  the  projecTiile  force  ; ^nd  by  confpir- 
ing  in  fome  degree  therewith,  will  accelerate  the 
planet’s  motion  all  the  way  from  C to  K;  cauling 
it  to  deferibe  the  arcs  B C,  C D,  D E,  E &c.  all 
in  equal  times.  Having  it’s  motion  thus  acgelcr 
rated,  it  thereby  gains  fo  much  centrifugal  force^ 
or  tendency  to  fly  off,  at  K in  the  line  K k,  as  over- 
comes the  fun’s  atfraCtion ; and  the  centrifugal 
force  being  too  great  to  allow  the  planet  to  be 
brought  nearer  the  fun,  or  even  to  move  round  hini 
in  the  circle  K 1 m n,  &c.  it  goes  off,  and  afeends 

in  the  curve  K L M N,  &c.  it’s  motion  decreaflng 

as 
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as  gradually  from  K to  B,  as  it  increafcd  from  B to 
K ; becaufe  the  fun’s  attradlion  now  adls  againft 
the  planet’s  projectile  motion,  juft  as  much  as  it 
adted  with  it  before.  When  the  planet  has  got 
round  to  B,  it’s  projectile  force  is  as  much  dimi- 
nifhed  from  it’s  mean  ftate  about  G or  N,  as  it  was 
augmented  at  K ; and  fo,  the  fun’s  attraction  being 
more  than  fufheient  to  keep  the  planet  from  going 
off  at  B,  it  delcribes  the  fame  oi  bit  over  again,  by 
yirtue  of  the  fame  forces  or  powers. 

A double  projectile  force  will  always  ballancea 
.quadruple  power  of' gravity.  Let  the  planet  at  B 
have  twice  as  great  an  impulfe  from  thence  to- 
wards X,  as  it  had  before  ; that  is,  in  the  fame 
length  of  time  it  was  projected  from  B to  b,  as  in 
the  laft  example,  let  it  now  be  projected  from  B to 
c ; and  it  will  require  four  times  as  much  gravity  to 
retain  it  in  it’s  orbit  ; that  is,  it  muft  fall  as  far 
as  from  B to  c : otherwife  it  could  not  deferibe 
P D,  as  is  evident  by  the  figure.  But,  in  as  much 
time  as  the  planet  moves  from  B to  C in  the  higher 
parts  of  it’s  orbit,  it  moves  from  I to  K,  or  from 
K to  L,  in  the  lower  part  thereof ; becaufe,  from 
the  joint  adion  of  thefe  two  forces,  it  muft  always 
deferibe  equal  areas  in  equal  times,  throughout  it’s 
annual  courfe.  Ihefc  areas  are  reprefented  bv  the 
triangles  B S C,  C S D,  D S E,  E S F,  6cc.  whofe 
contents  are  equal  to  one  another,  quite  round  the 
figure. 

As  the  planets  approach  nearer  the  fun,  and 
recede  farther  from  him,  in  every  revolution,  there 
may  be  fome  difliculty  in  conceiving  the  reafon 
why  the  power  of  gravity,  when  it  once  gets  the 
better  of  the  projectile  force,  does  not  bring  the 
planets  nearer  and  nearer  the  lun  in  every  rev'olii— 
tion,  till  they  fall  upon  and  unite  with  him  ; or  why 
the  projectile  force,  when  it  once  gets  the  better 
of.  gravity,  does  not  carry  the  planets  farther  and 

farther 
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farther  from  the  fun,  till  it  removes  them  quit® 
out  of  the  fphere  of  his  attradion,  and  caufes  them 
to  go  on  in  ftrait  lines  for  ever  afterward  ; but 
by  confidering  the  elfedls  of  thefe  powers,  this  dif- 
ficulty will  be  removed.  Suppofc  a planet  at  B 
to  be  carried  by  the  projectile  force  as  far  as  B to 
b,  in  the  time  that  gravity  would  have  brought  it 
down  from  B to  i ; by  thefe  two  forces  it  will  de— 
feribe  the  curve  C ; when  the  planet  comes  down 
to  K,  it  will  be  but  half  as  far  from  the  fun  S,  as 
it  was  at  B ; and  therefore,  by  gravitating  four 
limes  as  flrongly  towards  him,  it  would  fall  from 
K to  V in  tne  lame  length  of  time  that  it  would 
have  fallen  from  B to  1 in  the  higher  part  of  it’s 
orbit,  that  is,  through  four  times  as  much  fpace  ; 
but  it’s  projedile  force  is  then  fo  much  increafed 
at  K,  as  would  carry  it  from  K to  k in  the  fame 
time  ; being  double'  of  what  it  was  at  B,  and  is 
therefore  too  Itrong  for  the  gravitating  power, 
cither  to  draw'  the  planet  to  the  fun,  or  caufe  it  to 
go  round  him  in  the  circle  K.  1 ni  n,  &^c.  which 
would  require  it’s  falling  from  K to  w,  through  a 
greater  fpace  than  gravity  can  draw  it,  whilft  the 
projedile  force  is  fuch  as  would  carry  it  from  K to 
k;  and  therefore,  the  planet  afeends  in  it’s  orbit 
K L M N,  decrealing  in  it’s  velocity  lor  the  caufes^ 
already  alhgned. 

The  Moon’s  Irregularities. 

There  is  nothing  that  Ibews  better  the  excel- 
lency of  the  N EWTON 1 AN  philofophy,  or  more  clearly 
dcmonflratcs  the  truth  of  it’s  principles,  than  it’s  fo 
ealily,  and  clearly,  accounting  for  thole  many  trre- 
Z^KiaHtics  of  motion,  to  which  ?\\  Jecondary  fianets, 
and  the  7uoon  in  particular,  are  fubjed. 

Though  thefe  are  called  irregulariiieSy  yet 

tbev  are  not  to  be  apprehended  as  random  ox  for- 
tuitous' 
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tuitous  ones,  but  fuch  as  are  regular  under  the  like 
circumdances,  and  fubjedl;  to  numbers  and  calculci^- 
iion. 

For  it  was  by  obferving  the  period  of  thefe 
lunar  inequalities^  that  Dr.  Halley  was  enabled  to 
foretel  an  eclipfe  of  the  fun,  with  an  exaednefs 
little  inferior  to  the  obfervation  itfelf. 

It  hath  been  feen  before,  that  gravitation  is  a 
principle  belonging  to  all  gravitating  matter  ; and 
that  bodies,  deferibing  orbits  about  another  placed 
in  the  center  of  their  motion,  by  a centripetal  and 
projectile  force,  deferibe  equal  areas  in  equal  times^ 

As  this  is  the  law  by  which  primary  planets 
regulate  their  motions  about  the  fun,  fo  like  wife, 
was  there  no  funy  by  the  fame  law  would  the  moon 
regulate  her  motion  about  the  earth. 

This  tendency  of  the  moon  towards  the  fun, 
then,  is  the  caufe  of  thofe  inequalities  in  her  mo- 
tion, which  arc  ftiled  her 

Irregularities. 

Thefe  are  commonly  reckoned  eight,  arifing 
from  caufes  now  to  be  mentioned. 

I.  That  varialioiiy  u hereby,  if  we  fuppofe  K 
the  earth,  fig.  7,  pi.  15,  and  the  circle  A BCD 
the  orbit  of  the  mooiiy  while  the  moon  deferibes  the 
quadrant  A B,  that  is,  while  fhc  goes  from  the 
quadrature  to  the  conjunCliony  the  force  tending  to- 
wards the  //oz  at  S,  confpires  with  the  force  tend- 
ing towards  the  earth  at  E,  and  therefore  accele^ 
rates  her  motion.  But  while  Ihe  goes  from  the 
conjunction  B to  the  next  quadrature  C,  the  force 
tending  cowards  the  fun  will  aCt  contrary  to  the 
force  tending  towards  the  earth,  and  therefore  will 
retard  her  motion. 

In  the  fame  manner  while  fhe  goes  from  the 
quadrature  C,  to  the  next  fy^ygy  D,  the  fame  force, 

tending 

A 
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tending  towards  S,  will  accelerate  her  again ; but 
while  Ihe  goes  from  thence  to  the  quadrature  at  A, 
it  will  retard  her  again. 

The  moon  therefore,  in  her  monthly  revolu- 
tion about  the  earth,  is,  by  this  adlion  of  the  fun, 
alternately  accelerated  and  retarded. 

II.  This  force  tending  towards  the  fun  being 
the  DISTURBING  FORCE,  or  that  force  which  pre- 
vents the  moon  from  deferibing  about  the  earth 
equal  areas  in  equal  times^  will  be  greateft  at  the 

OCTANTS. 

For  this  force  being  refolved  into  two  others, 
after  Sir  /.  Newton"^  manner,  one  of  them  at  the 
quadratures,  or  fyzygies,  will  be  found  to  point 
from  or  towards  E the  center  of  the  earth  directly, 
^and  therefore  will  not  hinder  the  moon  from  de- 
feribing equal  areas  in  equal  times;  the  other,  like- 
wife,  in  thofe  places  will  be  found  to  tend  towards 
the  center  of  the  fun,  and  therefore  neither  of 
them  will  prevent  the  moon  there  from  deferibing 
equal  areas  in  equal  times,  i.  e,  will  not  at  the  qua- 
dratures difturb  the  moon’s  motion  at  all. 

But  when  the  moon  is  in  the  o Plants,  as  at  L, 

8,  pL  15,  this  force  being  refolved  into  two 
others,  one  of  them,  as  L H,  will  point  directly  to, 
or  from,  the  center  of  the  earth,  and  therefore  will 
increafe  or  diminijh  the  moon’s  tendency  towards 
the  earth,  but  not  hinder  her  from  deferibing  equal 
areas  in  equal  times.  But  the  other,  as  L I,  or  H G, 
points  neither  towards  the  center  of  the  earth,  nor 
fun,  and  therefore,  in  the  odiants,  prevents  her  de- 
feribing equal  areas  in  equal  times. 

But  this  being  the  mid-way  between  the  qiia^ 
drature^n^  the  fyzygy,  in  both  which  places  this 
difturbing  force  doth*  not  prevent  the  moon  from 
deferibing  equal  areas  in  equal  times,  it  follows, 
that  at  the  otlants,  this  dijlurblng  force  will  be 
^rcatejl  of  alL 


And 
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And  for  this  rcafon  it  hath  always  been  found 
more  difficult  to  obtain  the  moon’s  place  in  the 
Grants  agreeing  with  obfervation,  than  at  the 
or  quadratures, 

III.  The  moon’s  orbit  is  more  curved  in  the 
quadratures  than  in  tht  fyzygies. 

For  her  motion  being  accelerated  during  her 
progrefs  from  the  quadratures  to  the  fy^ygies,  in 
the  fyzygies  her  motion  will  be  quicker  than  it 
ought  otherwife  to  be,  and  therdore  her  centripetal 
force  lejs  than  it  would  otherwife  be.  She  w ill 
therefore  at  the  fyzygies  deferibe  the  portion  of  a 
larger  CUTS' which  confequently  will  be  lefs  curved 
than  a fmaller.  That  is,  inllead  of  deferibing  the 
curve  A B,  fig,  9,  pi,  15,  or  C D,  flie  will  deferibe 
the  curve  E F,  or  G K. 

On  the  other  hand,  while  the  moon  goes  from 
the  fyzygies  to  the  quadratia'eSy  her  motion  is  con- 
tinually retarded,  and  therefore,  at  the  quadratures, 
her  motion  will  hcjlozver  than  it  would  otherwdfe 
be.  At  the  quadratures  therefore  the  moon  will 
deferibe  the  portion  of  a lejfier  curve,  which  there- 
fore w'iil  be  ?nore  curved  than  a larger  curve.  That 
is,  inflead  of  deferibing  the  curve  A B,  or  C D, 
file  will  deferibe  the  curve  E F,  or  G K,  10, 
fi.  15. 

Therefore,  at  the  qiiadratureSy  the  moon’s 
orbit  is  ynore  curved  than  at  the  fyzygies, 

IV.  Since  thefe  irregularities  in  the  moon’s 
motion  proceed,  as  was  faid,  from  the  a(flion  of 
the  fun,  it  will  follow,  chat  where  the  adion  of 
the  fun  is  greatejiy  the  irregularities  ariling  from  it 
will  be  greatejt  alfo.  But  the  nearer  the  earth  is  to. 
the  fun,  the  greater  will  be  the  adion  of  the  fun 
upon  the  moon.  And  the  more  fhe  rends  towards 
the  fun,  the  lefs  will  fhe  tend  towards  the  earth. 

When  therefore  the  earth  is  at  the  perihelion. 
^>fi^  II,  pl^  15,  and  confequently.  at  iVs  leaf  diH- 

tance 
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tance  from  the  fun^  the  adion  of  the  fun  upon  the 
moon  will  be  great  eft,  and  dcftroy  more  of  iVs 
tendency  towards  the  earth  than  at  any  other  dif- 
tance,  as  S D,  S C,  S B,  &c. 

Therefore  when  the  earth  is  at  the  perihelM 
P,  the  moon  will  defcribe  a larger  orbit  about  the 
earth,  than  wTen  the  earth  is  at  any  other  diftance 
from  the  fun,  and  confequcntly  then,  her  periodi- 
cal time  will  be  the  longeft. 

But  the  earth  is  at  it’s  perihelion  in  the  win- 
ter, and,  confequently,  then  the  moon  will  defcribe 
the  outermoft  circle  about  the  earth,  and  her  perio^ 
dical  time  will  be  the  longed.  And  this  agrees 
with  obfervation. 

For  the  fame  reafon,  when  the  earth  is  at  it’s 
aphelion  A,  the  tendency  of  the  moon  towards  the 
earth  will  be  the  greateft,  and  consequently  her 
periodical  time  the  leaft.  And  in  this  cafe,  which 
will  be  in  the  fummer,  Ihe  will  defcribe  the  inner- 

jnoft  circle  about  the  earth. 

V.  Since  the  moon,  from  what  has  been  faid, 
appears  to  defcribe  an  elliptical  orbit  about  the 
earth  E,  jig,  I2,  pi,  15,  in  the  focus  of  it  ; and 
fince  her  centripetal  force  towards  the  earth,  by 
means  of  the  adion  of  the  fun,  is  continually  in- 
creajiugy  or  decrcajing,  but  not  equably,  that  is,- 
fometimes  lefs,  and  fometimes  niorCy  than  in  the 
inverfe  duplicate  proportion  of  the  didance  of  the 
moon  from  the  earth  ; therefore,  in  this  cale,  the 
line  of  the  moon’s  apfidcs  A B will  be  continually 
going  backwards y or  forwards.  T.hat  is,  the  axis 
A B will  not  always ‘lie  in  that  fituation^  but  go 
backzvards  into  the  fituation  K l.y  or  forzvards  into 
the  fituation  F G. 

Since  however,  taking  one  whole  revolution 

of  the  moon  7ibout  the  earth,  the  adion  of  the  fun* 

more  diminijhes  the  tendency  of  the  moon  tow'ards 

the  earth,  than  it  augments  it,  therefore  the  motion- 
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of  the  apfides  exceeds  their  motion  hack-- 

wards.  Upon  the  whole  therefore  the  apfides  of  the 
moon’s  orbit  forwards^  or  according  to  the  or- 
der of  the  figns. 

VI.  Becaufe  the  moon  defcribes  ah  eccentrical 
orbit  about  the  earth  at  E,  fig.  13,  />/.  15,  ^nd  the 
aftion  of  the  fun  upon  her  fometimes  increafes  her 
tendency  towards  the  earth,  and  fometimes  dimi-- 
7iijhcs  it,  i.  e.  makes  her  gravity  towards  the  earth 
increafey  or  decreafe,  too  fafti  If  while  the  mooa 
afcends  from  her  lower  apfide  A,  her  gravity  towards 
the  earth  decreafeth  too  fafi,  inftead  of  defcribing 
the  femi-ellipfis  ABC,  and  coming  to  the  higher 
apfide  at  C,  as  fhe  would  otherwife  do,  fhe  will  run 
out  in  the  curve  BED,  and  come  to  the  higher  ap- 
fide at  F.  But  the  curve  A B F D is  mors  eccentric 
than  the  curve  A B C D. 

Therefore  when  the  gravity  of  the  moon  to- 
wards the  earth  decreafes  too  faft,  the  eccentricity 
of  her  orbit  will  incredje. 

On  the  other  hand,  if  the  moon  is  going  from 
her  higher  apfide  C,  fig.  i^y  pi.  15,  to  her  lower  A, 
and  her  gravity  towards  the  earth  increafes  too  faft, 
inftead  of  defcribing  the  fame  ellipfis  C D A,  and 
fo  coming  to  the  lower  apfide  at  A,  fhe  will  ap- 
proach nearer  to  the  earth,  and  defcribe  the  curve 
D F B,  and  fo  come  to  the  lower  apfide  at  F.  But 
the  curve  C D F B,  will  be  lefs  eccentric  than  the 
curve  D A B C. 

Therefore,  wdien  the  gravity  of  the  moon  to- 
wards the  earth  increafes  too  faft,  the  eccentricity 
of  her  orbit  will  decreafe,  and  the  orbit  itfelf  will 
approach  nearer  to  a circle. 

Therefore,  the  of  the  moon’s  orbit 

will  be  continually  varying. 

VII.  In  confidering  the  irregularities  of  the 
moon  s motion*  we  have  hitherto  fuppofed  the 
plane  of  her  orbit  as  coinciding  with*  the  plane  of 

VoL,  IV. 
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the  eclipiicy  becaufc  her  motion  would  be  affected 
with  the  irregularities  hitherto  Ipoken  of,  if  in 
reality  it  did  fo. 

13ut  it  hath  been  before  obferved,  that  one 
half  of  the  moon’s  orbit  A C B,  fig.  15,  pi.  15,  is 
raifed  above  the  plane  of  the  ecliptic  A E B G, 
and  the  other  half  A D B deprefifed  below  it ; and 
the  points  A B,  where  the  moon’s  orbit  crofifeth 
the  plane  of  the  ecliptic,  are  called  the  nodes,  and 
the  line  A B,  joining  thefe  points,  is  called  the 

LINE  of  the  NODES. 

But  when  this  .line  of  the  nodes  A B lies  in 
conjunction  w'ith  the  fun  S,  it  is  at  refi,  but  in  all 
other  politions  it  goes  backwards. 

When  this  line  of  the  nodes  A B,  lies  in  the 
quadrature,  fig.  pi.  15,  with  the  fun  S,  it  goes 
backzvards  fattelf  of  all. 

VIII.  It 'has  been  formerly  obferved,  that  the 
orbit  of  the  moon  is  inclined  to  the  plane  of  the 
ecliptic  in  a certain  angle  ; but  this  angle  is  not 
conjiantly  the  fame,  but  fometimes  greater  and 
fometimes  lejs,  depending  upon  the  different  po- 
lition  of  the  line  of  the  moon’s  nodes  with  refped 
to  the  fun. 

When  the  line  of  the  nodes  A B,  fig.  17, 
pi.  15,  paiTes  through  the the  plane  ol 
the  moon’s  orbit  produced  paffes  through  the  cen- 
ter of  the  fun  S,  and  confcquently,  not  being  af- 
fected by  the  aedion  of  the  fun,  is  then  at  it’s 
yreateft  flatc,  making  an  angle  with  the  ecliptic 
of  about  5 degrees,  18  minutes. 

When  the  line  of  the  moon’s -nodes  A h,fig. 
18,  pi.  it>  in  a quadrature  with  the  fun  S, 
then,  fiippofing  the  line  A B C D to  reprefent  the 
plane  of  the  edipiic,  and  A E B F the  orbit  of  the 
moon,  let  the  moon  be  fuppoled  to  have  jull  now 
paffed  the  ajcendtng  node  at  A,  and  going  to  her 
renjunbJion  with  the  fun  at  E. 
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The  moon  will  then  be  going  htrthcr  and 
farther  from  the  plane  of  the  ecliptic  A B C D,  and 
was  there  no  adtion  of  the  fun,  would  come  in  con- 
junction with  him  at  E. 

But,  becaufeof  the  adlion  of  the  fun,  the  moon, 
in  going  from  the  quadrature  at  A,  towards  her 
conjunction,  will  be  perpetually  drawn  down  to- 
wards the  ecliptic,  and  therefore  will  not  come  to  a 
conjundion  with  the  fun  at  E,  but  at  G,  making 
an  angle  with  the  ecliptic  G A C lefs  than  E A C. 

But  the  fun  continuing  ftill  to  ad,  after  the 
moon  has  arrived  at  her  conjundion,  will  go  on  to 
draw  her  ' towards  the  ecliptic;  by  which 
means,  die  will  not  crofs  the  ecliptic  at  the  point 
B,  her  former  node^  but  in  fome  other  point  nearer 
to  the  fun,  as  K. 

But  wherever  the  moon  erodes  the  ecliptic  is 
her  node.  Therefore,  her  node,  in  the  mean  time, 
hath  gone  backzvard  from  B to  K,  i()y  pi.  15, 
and  the  moon  hath  deferibed  a femi-orbit  A G K, 
making  a lefs  angle  with  the  ecliptic,  than  the 
orbit  A E B,  which  fhe  would  have  deferibed  had 
there  been  no  adion  of  the  fun  at  all. 


Conclusion. 


Aridotle  concludes  his  treatif^  mundo,  with 
obferving,  that  to  treat  of  the  world  without 
faying  any  thing  of  it’s  authorwould  be  impious,” 
as  there  is  nothing  we  meet  with  more  frequently 
and  condantly  in  nature,  than  the  traces  of  an  all- 
governing  Deity. 

The  _ philofopher  who  negleds  thefe  Traces, 
and  contents  himfelf  with  the  cippcuv^iiccs  only 
of  the  mateiial  univerfe,  and  the  mechai^ical  laws 
of  motion,  negleds  what  is  moll  excellent ; and  pre- 
fers what  is  imperfed  to  what  is  fupremely  perfed. 

^ ~ fiuitudg 
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finitude  to  infinity,  what  is  narrow  and  weak  to 
what  is  unlimited  and  almighty,  and  wdiat  is  pe- 
riiliing  to  what  endures  for  ever.  Thofe  w’ho  do  ' 
not  attend  to  the  manifdl  indications  fiipr erne 
'ivifdo7u  and  goodiiejs  perpetually  appearing  before 
them,  wherever  they  turn  their  views  or  inquiries:, 
too  much  refemble  thofe  ancient  philofophers,  who 
made  nighty  mattery  and  chaosy  the  original  of  all 
things. 

The  plain  argument  for  the  exificnce  of  the  < 
Deity  obvious  to  all,  and  carrying  with  it  irrefifti- 
blc  convidion,  is  from  the  evident  contrivance  and 
fitnefs  of  things  for  one  another,  which  we  meet 
with  throughout  all  parts  of  the  univerfe.  There 
is  no  need  of  nice  or  fubtle  reafonings  in  this  mat- 
ter ; a manifefb  contrivance  immediately  fuggefis 
a contriver.  It  firikes  us  like  a fenfation  ; artful 
reafonings  againfi:  it  may  puzzle  us,  but  it  is  with- 
out fhaking  our  belief. 

No  perfon,  for  inflancc,  that  knows  the  prin- 
ciple of  optics,  and  the  firudure  of  the  eye,  can 
believe  that  it  was  formed  without  (kill  in  that 
fcience  ; or  that  the  ear  was  formed  without  the 
•knowledge  of  founds  ; or  that  male  and  female  in 
animals  w'ere  not  formed  for  each  other,  and  for 
continuing  the  fpecies.  All  our  accounts  of  na- 
ture are  replete  with  indances  of  this  kind. 

The  admirable  and  beautiful  firudure  of  things 
for  final  caufes,  exalts  our  idea  of  the  contriver  ; 
the  unity  of  the  defign  fiiew's  him  to  be  one;  revela- 
tion, that  this  one  is  Jefiis  Chrifl.  The  great  oio- 
lions  in  the  fyifem  performed  with  the  fame  facili- 
ty as  the  lealf,  fugged  his  almighty  powevy  which 
vrave  motion  to  the  earth  and  the  celeflial  bodies, 
with  equal  eafe  as  to  the  minutdl:  particles.  The 
fubtilty  of  the  motions  and  adions  in  the  internal 
parts  of  bodies,  fitews  that  his  influence  penetrates 

the  inrnoft  rccefTcs  of  things,  and  is  every  where 

exerted* 
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exerted.  The  fimplicity  of  the  laws  that^  prevail 
in  the  iiniverfe,  the  excellent  difpofltions  ot  things, 
in  order  to  obtain  the  befl:  ends,  and  the  beauty 
which  adorns  the  works  of  nature,  far  fuperior  to 
any  thing  in  art,  fuggeft  his  confummate  wifdom. 
The  ufcfulnefs  of  the  whole  fcheme,  fo  well  con- 
trived for  the  intelligent  beings  that  enjoy  it,  with 
the  internal  difpofltions  and  moral  ftrudure  inthofe 
beings  themfelves,  fhew  his  unbounded 

Thefe  are  arguments  which  are  fufhciently 
open  to  the  views  and  capacities  of  the  unlearned, 
while  at  the  fame  time  they  acquire  new  ftrength 
and  luflre  from  the  difeoveries  of  the  learned. 
God  aeding  and  interpoling  in  the  univerfe,  Ihews 
that  he  governed  it,  as  well  as  that  he  formed  it;  and 
the  depth  of  his  counfels,  even  in  conducing  the 
material  univerfe,  of  which  a great  part  furpalles  our 
knowledge,  keeps  up  an  inward  veneration  and  awe 
of  this  great  Being,  and  difpofes  us  to  receive  what 
may  beotherwife  revealed  to  us  concerning  him. 

It  has  been  juftly  obferved,  that  fome  of  the 
laws  of  nature  now  known  to  us,  muft  have  ef- 
caped  us  if  we  had  wanted  the  fenfe  of  fight. 
God  can  bellow  upon  us  other  fenfes  of  which  we 
have  at  prefent  no  idea,  without  which  it  may  be 
impoffible  for  us  to  know  all  his  works,  or  to  have 
more  adequate  ideas  of  his  nature,  in  our  prefent 
date  w^e  know  enough  to  be  convinced  of  our  de- 
pendency on  him,  and  of  the  duty  we  owe  to  him 
as  the  Lord  and  difpofer  of  all  things. 

Though  the  power  of  God  is  manifefled  in  all 
his  works,  it  is  in  the  heavens  that  it  ftill  feems  to 
beam  forth  in  it’s  greatell  lull  re.  By  his  power 
ading  there,  he  dire(!:ls  the  courfes  of  the  planets, 
determines  the  circumdances  of  their  motions,  and 
fixes  the  times  of  their  revolutions.  As  a General 
at  the  head  of  an  army,  hr  eives  the  fmnal  to  the 
heavenly  bodies,  and  immediately  they  flioot  forth, 
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and  proceed  in  their  proper  orbits.  It  is  in  cpnfe- 
quence  of  the  laws  laid  down  by  him,  that  the 
moon  goes  round  the  earth  in  a month.  It  is  he 
that  has  combined  the  two  motions  of  the  earth, 
one  by  which  we  obtain  the  viciflitudes  of 
day  and  night  j the  other  by  which  the  fea- 
fons  V of  the  year  are  brought  about.  He  it  is^ 
who,  at  the  appointed  times,  fends  falutary  winds, 
and  fruitful  rains  and  dews  ; who  gathers  together 
the  waters  in  their  fources,  and  caufes  them  to  flow 
from  thence  in  the  beds  of  rivers,  to  their  great  re- 
ceptacle the  fea.  It  is  he  who  makes  the  buds  to 
open,  the  fruits  to  ripen,  and  animals  to  be  proli- 
fic, ordering  all  things  according  to  their  different 
nature,  regulating  their  birth,  their  growth,  -and 
their  diffolution. 

Though  the  Author  of  fo  many  wonders  be 
inviflbie,  you  cannot  on  that  account  deny  his 
power,  or  doubt  his  exiftence.  You  cannot  fee 
vour  foul,  yet  the  effeefts  it  produces  in  you  and 
around  you,  are  feniibie  proofs  of  it’s  exiftence. 
It  is  the  fame  with  many  of  the  operations  in  na- 
ture. In  like  manner,  God  alfo,  though 'inviflbie 
in  himfelf,  is  viflble  in  all  his  works,  and  in  them 
appears  equally  ftrong  in  power,  admirable  in  wif- 
dom,  eternal  in  duration,  and  fupreme  in  perfec- 
tion. 

' The  whole  univerfe  confpires  to  celebrate  his 
praife,  from  whom  it  derives' all  it’s  majefty  and 
beauty.  The  fun  that  fliines  in  brightnefs,  declares 
the  ineflable  fplendor  of  it’s  almighty  creator.  The 
moon  and  ftars  proclaim  to  an  underftanding 
heart,  the  adorable  power  of  the  hand  that  guides 
them.  The  earth,  fo  richly  flocked  with  produc- 
tions of  higher  an_d  lower  rank,  with  the  various 
kinds- of  vegetable  and  animal  life,  paint  'in  the 
ftrontreft  terms,  the  riches  of  the  divine  nature, 
' ■ ' ■ = . ^ > from 
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from  whom  ifTucs  all  that  adorns  the  earth,  im- 
proves the  mind,  and  delights  the  fenfcs ; govern- 
ing all  things  with  infinite  wifdorn,  goodnefs  unli- 
mited, power  uncontrouled. 

4’hat  a Divine  Mind  frejides  over  and  governs 
ihe  iiniverje^  is  indeed  the  natural  conclufion  drawn 
by  conwioH  reafoiiy  from  the  evidence  of  common 
fenfe.  For  who  that  fees  this  univerfal  frame  thus 
'Wondrous  fairy  but  mult  infer  the  caufe  of  it  to  be 
full  of  wondrous  beauty  ? Who,  that  obferves  ever 
fo  nightly  that  conjiancy  which  is  in  the  motions 
of  the  planets,  and  in  the  tilings  and  fettings  of 
the  fixed  Itars,  &c.  can  pofTibly  imagine  the  incon- 
fancy  of  chance  to  be  the  mover?  What  man,  not 
difordered  in  his  own  mind,  can  fuppofe  any  other 
thing  than  mind  to  be  the  caufe  of  that  eiverhifting 
srdery  which  appears  in  the  regular  interchanges  of 
the  elements,  and  the  circling  returns  of  the  fuc- 
cellive  feafons. 

As  far  as  I have  condudlcd  you  through  various 
branches  of  natural  philofophy  ; as  far  as  I have 
proceeded  in  giving  you  a general  view  of  the  fyf- 
tem  of  the  world,  beauty  has  every  w'here  ftruck 
your  eye,  and  engaged  you  to  proceed  and  feruti- 
nize  further  the  operations  in  nature.  The  more 
accurate  your  ferutiny,  the  more  you  w-ill  difeover 
of  regularity y fymmetry y and  order y in  the  conllitu- 
tion  of  nature’s  frame ; the  further  you  penetrate 
into  her  deep  recelles,  dividing  and  fubdividing, 
opening  and  uhfolding,  the  miniiteft  part  of  every 
vifible  form,  the  llili  more  you  wdll  find  of  beauty 
within  beauty y and  find  every  order  to  contain  a va- 
riety of  other  orders,. 

When  you  fee  the  fun  arrayed  in  glory,  and  the 
grandeur  of  it’s  departing  beams  ! 

When  you  view  the  gilded  clouds,  and  the 
tint  of  the  evening  brighter  than  vennillionl 

When  you  iurvey  the  ilarry  concave  of 
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heaven,  glittering  with  the  brightncfs  of  innumc- 
Table  worlds! 

When  you  fee  the  pale  moon  alfo,  arifing  and 
dihufing  it*s  folemn  light  over  the  face  of  the 
earth! 

Arc  you  not  filled  with  reverence  ? can  you  re- 
frain from  lifting  up  your  foul  unto  it’s  maker? 

How  great  is  the  creator  of  all  thefe  things,  yea 
how  powerful  and  good! 

P Lord  God ; all  that  is  in  heaven  and  in 
earth  is  thine,  and  thou  upholdefb  all. 

Adored  by  thy  name,  for  ever  and  ever : and 
be  thou,  O moft  mighty,  glorified  in  all  thy 
works. ^ ‘ ' 

* King’s  Hymns  to  the  Supreme  Being,. 
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LECTURE  XLVI. 


Of  Electricity. 

Mr.  STILLINGFLEET  has  well  obfcrved, 
that  if  the  whole  fcene  of  nature  were  laid 
open  to  our  view,  were  we  permitted  to  behold  the 
connexions  and  dependencies  of  every  thing  on 
every  other,  and  to  trace  the  oeconomy  of  nature 
through  the  fmaller,  as  well  as  the  greater  parts  of 
this  globe,  we  fliould  probably  find,  that  the  great 
architect  had  contrived  his  works  in  fuch  a manner, 
that  we  cannot  properly  be  faid  to  be  unconcerned 
in  any  one  of  them  ; and  therefore,  thole  ftudies, 
which  feem  upon  a flight  view  to  be  quite  ufelefs, 
may  in  the  end  appear  of  no  fmall  importance  to 
mankind. 

If  you  look  back  into  the  hiflory  of  arts  and 
fciences,  you  will  be  convinced,  that  men  are  apt 
to  judge  too  haftily  of  things  of  this  nature;  you 
wdll  there  find,  that  he  who  gave  curiofity  to  his 
creature,  man,  gave  it  for  good  and  great  purpofes; 
and  that  he  rewards  with  ufeful  difeoveries  what  in 
the  firft  inftance  are  condemned  as  trifling  or  mi- 
nute refearches. 

But  it  is  true,  that  thefe  difeoveries  are  not  al- 
' ways  made  by  the  fearcher,  or  his  cotemporaries, 
or  fometimes  even  by  the  immediate  fucceeding 
generation but  there  can  be.no  doubt,  but  what 
advantages  of  one  kind  or  other  always  accrue  to 
mankind  from  an  invelfigation-of  the  operations  in 
pature.  Some  men  are  born  to  obferve  and  record, 
what  perhaps  by  itfelf  is  perfeXly  ufelefs,  but  yet  of 
great  importance  to  another  who  follows  and  goes  a 
Ilep  further,  ftill  as  ufelefs  to  him ; another  fucceeds 
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and  thus  by  degrees,  till  at  lad  one  of  fiipcrioi 
genius  comes,  who  laying  all  that  has  been  done 
before  his  time  together,  brings  on  a new  face  of 
things,  improves,  adorns,  exalts  human  fociety. 

All  thofe  rpeculations  concerning  lines  and 
ftumhers  fo  ardently  puiTued,  fo  cxquifitcly  con- 
ducled  by  the  GrreianSy  what  did  they  aim  at  ? 
what  did  they  produce  for  ages  ? A little  arith- 
metic, and  the  fird  elements  of  geometry,  were 
all  they  had  need  of.  This  Plato  alTcrts ; 
and  though,  as  being  himfelf  an  able  mathema- 
tician, and  remarkably  fond  of  thofe  fciences, 
he  recommends  the  lludy  of  them,  yet  he  makes 
life' of  motives  that  have  no  relation  to  the  com- 
mon purpofes  of  life. 

When  KepleVy,  from  a blind  and  drong  im- 
piilfe,  merely  to  find  analogies  in  nature,  difeo- 
vered  that  famous  law  between  the  di dance  of  the 
fevcral  planets  from  the  fun,  and  the  periods  in 
which  they  complete  their  revolutions,  of  what 
importance  was  it  to  him  or  to  the  world  ? 

Again,  when  GalileOy  pudied  on  by  the  fame 
irreddible  ciiriolity,  found  out  the  law  by  which 
bodies  fall  to  the  earth,  did  he,  or  could  he  fore- 
fee that  any  good  could  come  from  his  ingenious 
theorems  ? or  was  there  any  immediate' ufe  made  of 
them  ? 

Yet  had  not  the  Greeks  pufhed  their  abdradl 
fpeculations  fo  far  ; had  not  Kepler  and  Galileo 
made  the  above-mentioned  discoveries,  we  never 
could  have  feen  the  greated  work  that  cvCr  came 
from  the  hands  of  man.  Sir  Ij'aac  Newton's  PriU’- 
dpi  a. 

Some  obfeure  perfon,  whofe  name  is  not  fo 
much  as  known,  diverting  hirnfelf  idly  (as  a dander 
by  would  have  thought)  with  trying  experiments 
on  a fcemingly  contemptible  piece  of  JlonCy  found 
put  a guide  for  mariners  on  the  ocean,  and  fuch  a 

guide. 
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^uidc,  as  710  fcience^  however  fubtil  and  fublinic 
it"s  fpcculations  rnay  be  however  wonderful  it’s 
conclufions,  could  ever  have  attained.  It  is  the 
lame  with  ele^lricity.  Who  could  have  fuppofed, 
on  feeing  perfon  anuifing  himielf  with  the  elTefi 
of  excited  amber  on  light  bodies,  that  this  was  one 
of  the  firft  links  in  a fcience  that  fhould  teach  men 
how  to  difarm  the  clouds  of  lightning,  dived  the 
dorm  of  it’s  terrors^  and  give  life  and  power  to  the 
animal  frame. 

Other  inflances  might  be  produced  to  prove, 
that  bare  curiofity  in  one  age,  is  the  fource  of  the 
) greateft  utility  in  another  ; and  what  has  been  fre- 
quently fiid  of  the  chemifts,  may,  perhaps,  be  ap- 
plied to  every  other  kind  of  virtuofi.  d'hey  hunt, 
perhaps,  after  chimeras  and  impofibilitics,  and 
lindfomething  really  valuable  by  the  bye.  We  are 
but  indruments  under  the  supreme  director,  and 
do  not  know'  in  many  cafes,  what  is  of  mod  im- 
portance for  us  to  fearch  after ; but  w'C  may  be  fure 
pf  one  thing,  that  if  we  dudy  and  follow-  nature, 
W'hatever  paths  we  are  led  into,  we  diall  at  lad 
arrive  at  fom.ething  valuable  to  ourfeives  and 

others,  but  of  what  kind,  w’e  mud  be  content  to 

/ 

.be  ignorant. 

. The  nature  of  aqueous  vapours,  of  fire,  and  the 
eleQrical  fluid,  will  clearly  prove  to-  you,  that  a 
number  of  fubdances  may  act  in  nature,  w-ithout 
being  know’n  to  us,  and  that  it  is  our  ignorance  of 
their  exidence,  whmh  envelopes  in  obfeurity  fo 
many  phenomena. 

If  it  were  not  for  the  vifible  diminution  of 
water  when  it’s  furface  is  expofed,  and  for  the  hy- 
grofcopical  appearances,  we  Ihould  not  have  known 
that  aqueous  vapours  exided  in  the  atmofphci-e. 
Notwithdandingall  thefe  phenomena,  there  are  dill 
thofe  who  do  not  admit  their  exidence.  It  is  not 
didiCLilt,  how-cver,  to  fhewthat  the  efieds  produced 

by 
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by  this  fluid,  while  in  an  imperceptible  flate,  arc 
incomparably  greater  than  the  immediate  fymp-T 
toms  of  it’s  exiftence. 

Again,  without  heaty  an  efteefi:  which  is  only 
produced  by  fire  when  it  is  difengaged  or  free, 
we  fliould  have  been  ignorant  of  the  exiflence  of 
fire  : yet  how  great  and  various  are  the  effecfls  it 
produces  in  the  combined  or  latent  ftate!  Heat  is 
a fymptom  of  the  prcfence  of  this  fluid,  and  of  it’s 
degree  of  denfity,  when  /w  and  difengaged  ; but 
if  you  feek  to  follow  it  in  the  phenomena  of  na- 
ture, you  And  that  when  it  efcapes  from  obferva- 
tion,  it  is  adding  the  mofl  important  of  parts.  It  is 
the  fame  with  lighty  the  companion  of  fire.  If  it 
w'cre  not  for  the  impreflion  it  makes  upon  our  eyes, 
we  fliould  be  ignorant  of  the  greateft  and  molt  im- 
mediate agent  of  all  terreflrial  phenomena. 

Thus  you  fee,  that  there  are  fubflances  of  the 
greatefi:  importance  for  modifying  thofe  which 
are  more  grofsly  perceptible,  and  of  which,  in  the 
mean  time,  wchave  little  or  no  knowledge,  though 
they  arc  producing  the  greatefi  effeds. 

But  flill  further,  the  molions  and  light  occa- 
fioned  by  the  ele^lricai  fluidy  when  it’s  natural 
equilibrium  is  diflurbed,  are  the  only  ftgns  which 
give  us  notice  of  it’s  exiflence.  All  electrical 
phenomena  concur  in  proving  the  exiflence  of  a 
certain  fiuidy  poircffed  of  certain  charadlcrs,  capa- 
ble of  particular  modifications,  and  difleminated 
over  the  whole  furface  of  the  glpbe  ; the  zvhy  or 
zjoberefore  is  flill  unknown,  we  are  flill  ignorant  of 
it’s  functions.  But  w e are  at  the  fame  time  igno- 
rant of  the  caufe  of  fo  many  phenomena  in  nature, 
that  w e ought  not  to  defpair  of  being  able  to  dif- 
cover  thofe  wdth  w’hich  it  is  conneitted,  and  how 
it  influences  them  by  it’s  compolition  and  dccom- 

pofition.  ■ ' * ’ 
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It  refiilts  from  the  obfervations  I have  now 
made,  that  the  known  expanjible  fluids  have  two 
kinds  of  properties;  one  whereby  they  manifejl 
themfelves  to  one  or  more  of  our  fenfes, . the  other 
by  which  they  adl  imperceptibly  in  a number  of 
phenomena.  It  is  not  then  neceffary,  as  a proof  of 
the  exiftcnce  of  a fubftance,  nor  of  it  s being  a pi  in- 
cipal  agent  in  phenomena,  that  it  fhould  be  mani- 
fefted  to  our  lenfes.  But  it  is  eflential  in  nature, 
as  foon  as  you  coniider  phyjic cil  objects,  that  to 
every  pb>enomenon  there  be  a cauje ; and  the  only 
method  of  alfigning  a reafonablc  one,  where  they 
are  not  immediately  difcoverable,  is  analogy.  When 
therefore  certain  phenomena,  wEofe  caufe  is  hidden, 
are  analogous  to  other  phenomena  that  we  attri- 
bute to  the  intervention  of  lorne  fubflancey  we  arc 
naturally  led  to  fome  Jubflance  as  a caufe  of  the 
firff  mentioned  phenomena  ; and  nothing  will  op- 
pofe  their  admifTion,  it  they  explain  what  cannot 
be  explained  without,  and  it  there  is  nothing  which 
renders  the  exilf  ence  of  the  fubffance  obfeure. 

Here  I cannot  refrain  from  obferving,  that 
the  French  philofophers,  after  extending  the  inriu- 
ence  of  eledtricity  over  all  nature,  now  pafs  it  by 
as  if  unworthy  of  notice  ; it’s  name  is  not  even  to 
be  found  dans  le  tableau  de  la  nouvelle  nomencla-- 
ture  /” 

Philofophy  owes  much  to  the  afliflance  it  has 
received  from  mathematicians;  but  this  only  hap- 
pens when  they  apply  themfelves  to  the  Ifudy  ot 
phenomena ; when  negledting  thefe,  calculations 
are  made  to  ferve  an  hypothefis ; the  more  ele- 
gant and  beautiful  they  are,  the  more  detrimental 
they  become  to  fcience.  It  is  thus,  that  /Epinus, 
by  a mathematical  theory  of  electricity,  has  doled 
the  door  on  all  our  refearches  into  the  nature  and 
operations  of  this  fluid. 
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Electrical  Appearances. 

Erom  thcfe  preliminary  obfcrvations,  which  I 
coniidered  as  nccdFary  to  excite  your  attention  to 
the  eledric  huid,  and  to  lead  yewj  to  look  out  for, 
and  to  trace  it’s  conncdlion  v/ith  other  agents  in 
nature ; 1 lhall  proceed  to  point  out  fome  of  the 
' moft  hriking  cleQrical  appearances.  The  know- 
ledge obtained  of  eledricity,  like  mod  other  ar-^ 
tides  of  fciencc,  has  rifen  from  very  fmall  begin- 
nings, and  by  very  flow  degrees  to  it’s  prefent  height- 
It  had  been  known  for  ages,  that  ambcfy  jett,  and 
other  bodies,  would,  upon  rubbing,  attrad  and 
repel  light  bodies,  as  hairs,  feathers,  down,  dufl-, 
&c.  and  as  this  property  was  mofl:  confpicuous  in 
amheVy  which  in  the  Greek  is  called  ele^ron^  the 
peculiar  power  of  that  body  was  termed  electricity » 
Upon  further  inquiry,  it  was  found,  that  not  amber 
only,  but  feveral  other  fubflances  had  the  fame 
- properties  in  a high  degree ; that  glcifsy  refmous 
fiihjlances,  filk,  dry  woody  &c.  have  the  fame  pro- 
perties; and  that  any  of  thcfe,  when  dry,  and  rub- 
bed for  a fliort  time,  would  attrad  light  fub- 
danccs. 

I rub  this  flick  of  fealing-zvax  with  foft  flan- 
nel, and  you  fee  it  attrads  any  light  fubflances,  as 
hairs,  feathers,  &c.  that  I bring  under  it;  rub  a 
gliifs  tube  with  dry  filk,  and  you  w ill  And  it  pro- 
duce the  fame  cited.  Let  us  now^  darken  the  room, 
rub  the  glafs  tube  again,  and  you  will  fee  /parks  of 
fire  follow  your  hand  ; prefent  your  knuckle  to  the 
tube,  and  thefe  fparks  will  be  formed  into  pencils 
or  brufl-ies  of  light,  attended  with  a crackling  noife 
like  that  of  a green  leaf  in  the  fire. 

Ihc  fridion  has,  in  thefe  inflanccs,  manifefl- 
cd  to  the  fcnles  the  exijience  of  a fubflance  that 
was  before  imperceptible.  The  body,  that  is  made 
•by  fridion  to  exhibit  thefe  appearances,  is  faid  to 

be 
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be  excited.  The  appearances  are  termed  figns  of 
elef/ricily. 

Here  is  a fine  downy  feather  tied  to  a flh 
ftring ; 1 eledlrify  it  ftrongly,  by  touching  it  with 
the  excited tubey  and  it  immediately  flies  from, 
or  is  repelled  by  the  glals  tube.  I now  prefent  an 
excited  Ifick  of  fealiiig-zvaXy  and  the  feather  im- 
mediately flies  towards  it.  dhus  you  fee,  that  what 
is  attracted  by  excited  zvaXy  is  repelled  by  excited 
glajs.  This  experiment  gave  rife  to  a very  impor- 
tant diftindion  in  eledricity,  implying  a contrariety 
of  agency  therein,  and  one  power  or  agent  was  de- 
nominated z)itreouSy  the  other  rejinoiis  eledricity. 
Further  difcoverics  flicwcd,  that  glafs  or  wax  would, 
according  to  the  circumftances  in  which  they  were 
fituatcd,  produce  either  power. 

Our  two  next  experiments  leadalfo  to  another 
^ry  important  didiiK^tion  in  this  branch  of  fcience. 
L fufpend  a brajs  ball  by  a zvire  from  the  end  of 
the  glafs  tube  oppofitc  to  my  hand,  and  excite  the 
tube  as  before  ; as  foon  as  the  tube  is  excited,  you 
will  find  that  the  ball  has  acquired  all  the  eledric 
properties  of  the  tube  ; it  will,  like  it,  attrad  light 
bodies,  and  give  the  fpark.  Let  us  now  fufpend 
the  ball  by  a filk  firing, 'and  excite  the  tube  as  be- 
fore ; you  may  now  rub  as  long  as  you  pleafe,  but 
the  ball  will  exhibit  no  ligns  of  cledricity.  Here 
then  we  have  two  fubifanccs,  through  one  of 
which,  the  zvire y the  eledric  properties  may  be 
conveyed  ; whereas  the  other,  that  is,  the  fiiky  pre- 
vents their  pafling  to  the  ball.  The  zvire  is  there- 
fore called  a conduclor  of  cledricity.  The  filk  is 
termed  a non-  condublor. 

Or  in  more  general  terms,  all  thofe  bodies, 
through  which  the  cledrical  fluid  is  tranfmitted 
freely,  are  termed  condiidiors.  'I'hofe  bodies, 
through  which  it  docs  not  pafs  fo  freely,  are  called 
non-conduciors. 


A body 


304  Lectures  on  Natural  Pi^ilosophy. 

A body  refting  entirely  upon  non-condudorf? 
is  faid  to  be  infulated.  Thus  in  the  laft  experiment^ 
the  ball  was  infulatedy  becaufe  it  was  fufpended  by 
^jUkJiring,  which  is  a non-condu6tor.  Infulation 
prevents  the  diffipation  of  the  cletStrical  appear-^ 
ances. 

The  Pr  iNciPLES  OF  Electricity  deduced  from 
Experiments  on  Attraction  and  Repulsion. 

✓ 

I have  already  fliewn  you,  that  a light  body 
clec^lrified  by  excited  is  repelled  thereby,  but 

will  be  attracled  by  excited  wax ; and  that,  on  the 
other  hand,  if  it  be  eledlrified  by  excited  wax^  it 
will  be  repelled  thereby,  but  will  be  attradled  by 
excited  This  obfervation  you  mull  keep  in 

mind,  without  it  you  can  never  underftand  the 
operations  of  electricity.  The  greater  part  of  the 
experiments  in  this  fcience,  and  the  whole  of  the 
reafonings  thereon,  depend  on  a reference  to  thefe 
fads. 

For  the  following  experiments,  I make  tife  of 
light  balls  formed  out  of  the  pith  of  elder;  they 
are  fufpended  by  fine  linen  threads  from  fmall  cy- 
linders of  wood,  and  are  infulated  upon  a common 
w'ine  glafs,  that  is  dry,  free  from  duft,  fibres  of 
down,  &c. 

I cledrify  tw^o  balls,  thus  fufpended,  by 
excited  glafs,  and  you  fee  they  repel  each  other. 
I defiroy  this  electricity  by  touching  them  with  my 
hand.  I again  electrify  them,  but  with  excited  wax, 
and  they  again  repel  each  other.  I bring  the  balls 
eledrified  by  wax  tov\ards  thofc  eledtrified  by  glafsy 
and  they  immediately  fiy  towards  each  other. 

From  thefe  experiments  you  will  infer, 
I.  That  bodies  clcdtrified  vitrcoufly,  repel  each 
other.  2.  That  bodies  electrified  refinoully,  repel 

each 
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each  other.  3.  That  bodies  eledtrified  y.-\th  con- 
trary powers,  attradl  each  other. 

As  thofe  light  ftrb (lances  w^hich  polTefs  the 
fame  ele(itric  power  repel  each  other,  it  will  always 
•be  cafy  for  you  to  dif cover  with  what  power  they  are 
eledfrijied.  If  they  are  repeilcdhy  excited  glafs,  they 
polfefs  the  vitreous  eledlricity  ; if  they  arc  attradl- 
ed  thereby,  they  are  rejinoufly  eled:rificd  ; on  the 
contrary,  thofe  attraded  by  excited  wax^  are  yi- 
treoudy,'  and  thofe yepelied  thereby,  .rclinoufly  elec- 
trified. In  .^fceftaining  the  nature  of  the  eledlric 
power,  you  rhufi:  avoid  bringing  the  bodies  to  be 
tried  near  each  other  fuddenly  j or  one  (Irongly 
cledlrified  too  near  one  that  is  weakly,  fo  as  it  may 
render  the  experiment  doubtful,  for  reafons  that 
will  foon  be  apparent. 

Before  I go  any  further,  ;it  may-be  proper  to 
pointy  out  to  you  the  leading  feature  of  that  theory 
of  eledlricitv,  (Mr.  Eeles’s)  * which  I adopt  in  thefc 
LetSlures.  1 confider,  with  him,  all  thofe  cledrical 
operations  that  are  rnanifeiled  to  the  fenfes,  as  oc- 
cafioned  by  two  dijUnci^  pofitive^2cc\di  adtive' 
which  equally  and  (Irongly  attradi  and  condenfe 
each  other;  but  when  by  any  circqmflance  they 
are  rendered  unequal  to  each  other,  the  increafed 
power  expands  into  an  atmofpHcre. 

Thefe  two  powers  exift  together  in  all  bodies  ; 
in  their  natural  Hate  they  are  always  conjoined ; the 

eledric 

See  Eeles’s  Philofophical  Effaysin  fcveral  letters  to  the 
(Royal  Society,  London,  1771.”  (3n  a comparifon  of  this  work 

with  the  greater  part  of  the  modern  writers  on  eleftricity,  you 
will  find  that  they  have  been  gradvrally  giving  up  the  moft  cflen- 
tial  diftinftions  of  the  Franklinian  theory,  and  adopting  thole  of 
•Mr.  Eeles.  Sec  Willon,  Henly,  Gray,  Milner,  Brooke,  Peart, 
Read,  &c.  &c.  And  you  will  find  him  laying  down  principled 
and  making  experiments,  .that  have  within  a few  years  beeu 
brought  forwards  as  new ; fome  have  indeed  been  rejefted  at 
firlt,  becaufe  deemed  contradiaory  to  a favourite  theory  btlt 
^v/hich  have  fi nee  been  lully  acknowledged. 

VoL.  IV.  X 
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cledfic  figns,  or  what  we  call  ele^lricity^  arc  only 
rendered  lenfible  to  us  by  the  'feparation  of  thefc 
powers.  In  other  words,  though  the  electric 
matter  is  av^ling  the  moft  important  part  among 
the  operations  in  nature,  in  it’s  united,  and  to  us  la- 
tent  and  invijible  Hate,  yet  it  becomes  noobjecl:  to 
cur  fenfes,  till  it’s  powers  are  feparated  and  render- 
ed unequal. 

When  the  powers  are  feparated  and  brought 
into  adlion,  the  increafed  power  expands,  and 
forms  what  may  be  termed  an  clechical  atmo- 
fphere.  If  any  body  be  immerged  in  this  atmo- 
fphere,  the  powers  thereof  are  feparated,  and  that 
which  is  of  the  fame  kind  w ith  the  atmofphere  is 
repelled,  while  the  contrary  powder  is  attracted  : as 
long  as  the  body  remains  immerged  therein,  the 
powers  remain  feparated.  It  is  however  to  be  ob- 
ferved,  that  in  exciting  electrics,  the  powers  are 
never  entirely  feparated.  The  diminiflted  power 
acts  inzvard  to  the  eledric,  while  the  incre'afed 
power  ads  outzvard  wdth  an  extenfive  atmofphere. 

I hold  excited  glafs  over  this  cylinder,  jig.  r, 
pi.  1 6,  but  at  a certain  diHance  from  it  (which  dif- 
rance  will  depend  upon  the  power  of  the  glafs);  it 
repels  the  vitreous  eledricity  of  the  tube  in- 
to the  balls,  which  will  diverge  with  vitreous 
cledricity,  and  will  of  courfe  recede  from  ex- 
cited glafs.  I remove  the  excited  glafs  from  over 
the  balls,  and  they  clofe.  A temporary  feparation 
of  the  cledric  matter  inherent  in  the  cylinder,  is 
in  this  inftance  produced  by  the  influence  of  the 
excited  glafs  ; as  foon  as  this  influence  is  removed, 
the  pow  ers  unite,  and  the  balls  clofe. 

1 now'  place  tw'o  cylinders,  w ith  their  ends  in  • 
contad  with  each  other,  fig.  2,  pi.  i,and  hold  the 
excited  tube  over  the  end  A ; each  pair  of  balls 
diverge.  While  they  are  in  this  Hate,  feparate 

them 
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them  one  from  the  other,  and  you  will  find  the 
balls  of  A to  be  vitreoufly  eledlrified,  and  thofe  of 
B refinoufly  fo  j proving,  that  while  the  body  re- 
mained immerged  in  the  atmofphcre,  the  elec- 
tric powers  thereof  were  feparated,  one  being  at 
each  end.  Bring  the  tubes  together  again,  and  the 
balls  immediately  clofe;  proving,  i.That  the  feparat- 
ed powers  attradi  each  other.  2.  That  when  united, 
they  condenfe  each  other,  and  that  all  ele8ric  figns 
are  immediately  loft.  3*  The  co-exiflence  of  the 
two  powers  in  the  cylinders. 

Again  eleeftrify  the  balls  equally,  but  with  the 
fame  powers,  then  bring  the  ends  of  the  cylinders 
together,  and  the  divergence  of  the  balls  will  not 
be  altered ; which  fhews,  that  equal  atmofpheres  of 
the  fame  kind  do  not  adl  on  each  other. 

Elold  an  excited  glafs  tube  over^the  cylinder, 
fig.  4,  pi.  1,  and  at  the  fame  time  keep  one  of 
your  fingers  in  contad:  with  the  oppofite  end  of 
the  cylinder,  remove  the  glafs  tube  and  finger  to- 
gether, and  the  balls  will  diverge  with  refinous 
eledricity  ; for  on  trying,  you  wu II  find  them  fly 
towards  excited  zvaXy  and  recede  from  txciUtA  gl afs . 
The  vitreous  power  is  repelled  by  the  excited  tube, 
and  palfes  into  the  finger,  wT.ich,  in  exchange, 
communicates  refinous  eledricity  to  the  cy- 
linder. 

The  tendency  of  an  eledric  atmofphere  to 
produce  the  contrary  eledricity,  in  the  bodies  con- 
tiguous to  it,  is  pleafingly  illuftrated  by  the  follow- 
ing experiment.  In  this,  there  are  four  cylinders, 
A,  B,  C,  D,  3,  pU  I ; excited  glafs  held  over  A, 
repels  the  vitreous  power  into  B,  and  draws  the  re- 
finous into  A;  in  theTame  manner,  B repels  the 
vitreous  power  of  C into  13,  and  draws  the  refinous 
into  C;  feparate  B and  D from  A and  C,  juft  be- 
fore the  excited  glafs  is  removed,  and  you  will  find 
A and  C polfefiing  the  refinous,  B and  D the  vi- 
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treoiis  ele^lricity;  as  you  will  find  by  bringing  the 
excited  glafs  towards  the  balls,  thofe  at  A and  C 
will  move  towards  the  glafs,  thofe  at  Band  D will 
recede  from  it. 

You  faw  in  a former  experiment,  where  the 
balls  were  equally  cledlrificd  with  contrary  powers, 
that  on  bringing  the  cylinders  together,  thepow'ers 
united,  and  all  eledrical  ligns  vanifhed.  But  it 
one  be  cledlrified  more  than  the  other,  that  which 
is  lealt  fo,  lofes  all  it’s  elcflricity  after  contad:,  and 
the  two  remain  cledrified,  with  the  excefs  of  the 
eledricity  of  that  which  was  IfrongeH:. 

From  thefe  experiments  it  appears,  that  the 
increafed  power  expands  itfelf,  and  ads  oiitwardSy 
and  that  in  proportion  to  the  fubtradion  of  the 
other  power;  and  that  it  is  this  fphere  of  .the  ex- 
panded power,  w^hich  is  called  an  eledric  atmo- 
fphere. 

•It  appears  further,  that  no  fubflance  feems  to 
be  cledriiied,  while  the  powers  are  equal  in  .or 
on  that  body;  but  in  proportion  as  there  is  a 
greater  quantity  of  one  power,  than  there  is  of  the 
other,  then  the  increafed  power  ads  outwards  from 
that  body,  and  the  body  will  be  eledrified  with 
that  power,  and  w ill  repel  any  other  body  eledri- 
fied with  the  fame  power;  but  will  attrad^ny  fub- 
ftance  eledrified  with  the  contrary  pow^r  ; and  arf- 
ter  contad  between  them,  all  cledrical  figns  va- 
nifh,  if  they  were  equally  eledrified  ; but  if  une- 
qually, both  will  remain  elcttrified  with  the  excefs 
of  the  fironged  power. 

Thefe  pofitions  will  be  confirmed  by  other  ex- 
periments, in  which  you  will  fee  the  contrary  di- 
•reilions  of  the  tw'o  powers. 
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Of  the  Electrical  Machine,  and  it'sMode  of 

Action. 

By  turning  the  handle  of  the  machine,  and  of 
coiirfe  the  glafs  cylinder  which  moves  with  it, elec- 
tricity is  produced  ; and  this  w-e  fhall  find,  as  before, 
of  two  kinds,  each  ffrongly  attracflive  of  the  other, 
though  repulfive  of  a fimilar  kind  ; when  united, 
the  expanlive  power  they  before  exerted,  is  con- 
denfed,  and  all  elcQric  figns  vanifh. 

To  render  thefe  pofitions  clear,  I infert  a wire 
in  the  cHfliion,  and  another  in  the  condudor  ; each 
of  thefe  is  furnifhed  with  a brafs  ball  at  top,  and 
each  of  them  has  a Aiding  wire  with  balls  on  it’s 
end,  that  it  may  be  fet  at  any  convenient  diftance 
from  the  other.  On  turning  the  cylinder,  you  ob- 
ferve,  i.  That  I can  obtain  an  eledtric  fpark  from 
the  balls  of  either  wdre  on  prefenting  my  knuckle 
thereto.  2.  That  a Itrong  fpark  will  pafs  from  one 
ball  to  the  other.  3.  That  on  holding  a cork  ball 
fufpended  by  filk,  between  the  two  brafs  balls,  it  is 
alternately  attraded  and  repelled  from  one  to  the 
other.  4.  Electrify  a pair  of  infulated  balls  by  the 
cufhion,  and  you  will  find  them  topolTefs  the  rejinous 
elecftricity ; eledri fy  them  by  the  condudor,  and  they 
will  pofiefs  the  vitreous  power.  5,  Join  the  balls 
together,  and  all  eledric  figns  vaniAi. 

On  the  other  hand,  if  you  place  both  wires 
cither  on  the  condiidor,  or  the  cuAiion,  you  will 
find  that  no  fpark  will  pafs  between  them,  that  the 
cork  ball  remains  Aationary, being  neither  attraded 
nor  repelled  by  the  bails,  and  this  becaufe  they" 
both  pofTefs  the  fame  kind  of  eledricity. 

From  thefe  experiments  we  infer,  that  the 
conductor  and  the  cujhion  are  eledri fied  with  dif- 
ferent powers  ; that  one  attrads  w'hat  the  other 
repels,  and  that  when  they  are  united,  they  exhibit 
110  figns  of  eledricity  } that  on  the  reparation  of  the 
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powers  by  excitation,  one  power  attaches  itfdfto 
the  excited  ele&ricy  the  other  to  the  rubber. 

The  whole  variety  of  eledrical  experiments 
appear  to  be  nothing  more  than  different  modes 
of  defiroying  or  refforing  an  equilibrium.  By  de^ 
flroying  the  equilibrium,  two  pojittve  powers  are  at 
the  fame  time  produced.  By  reftoring’^the  equili- 
. brium,  all  things  return  to  their  natural  ffate, 
and  every  appearance  of  eledricity  ceafes.  The 
two  powers  are  fo  conneded,  that  one  can  never 
be  exhibited  without  producing  the  other.  It  is 
probable,  that  in  the  general  operations  of  nature, 
this  fluid  always  ads  in  it’s  united  form,  that  in 
which  it  is  to  our  fenfes  latent  and  invljible. 

On  turning  the  cylinder  and  feparating  it  frorn 
the  filk,  the  eledric  powers  are  feparated,  the  cy- 
linder gives  it’s  reflnous  power  to  the  cufhion  in 
exchange  for  the  vitreous ; the  condudor  in  like 
manner  exchanges  it’s  powers  with  the  cylinder,* 
for  as  long  as  the  cufhion  communicates  with  the 
table  by  a chain,  and  you  continue  turning  the 
cylinder,  you  will  find  the  condudor  ffrongly  elec- 
trified with  the  vitreous  power.  Take  the  chain 
from  the  cufhion,  and  fufpend  it  from  the  conduc- 
tor j on  turning  the  cylinder  you  will  find  the 
cufhion  firongly  cledrlficd  with  the  refinous  power. 
Connect  the  cufhion  and  condudor  by  a chain,  and 
the  powers  reunite  alrnoft  as  foon  as  they  arc  fepa- 
rated, and  the  cledrical  Wgn^  dif appear. 

We  now  fee  why  condu&in^  Juhftances  can^ 
not  be  eleb/ rifled  iinlej's  they  are  in/ulated.  It  is  be- 
^aufe  the  two  powders  join  infiantaneoufly  in  the  non- 
condudor.andca.j  therefore  exert  no  fenfible  adion. 

When  1 turn  the  cylinder  flowly,  only  afmall 
quantity  of  the  fluid  is  excited,  and  it  does  not  fly 
far  m the  form  of  a fpark  ; but  when  I turn  fome- 
what  fafier,  and  make  the  black  filk  adhere  to  the 
glafs,  the  quantity  of  excited  ele(!l:ricity  is  con- 
siderably increafed.  The  flafh  or  fpark  pafTes 

through 
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through  a greater  fpace,  and  afTumes  a crooked  or 
zig-zag  direc^lion,  rcfcmbling  the  tkiflies  of  light- 
ning. The  brilliancy  of  the  fpark  depends  much 
on  the  preflure  of  the  atmofphere ; for  the  fpark 
which  explodes  in  air  is  vivid  like  lightning  ; but 
if  the  fame  be  tried  in  an  exhaujied  receiver,  indcad 
of  a fpark  and  explolion,  you  have  only  2.  filent^ 

faint,  diluted  dream.  t n n 

Before  I proceed  to  other  experiments,  1 mail 

explain  your  machine  more  fully,  and  diew  you 
how  to  excite  it  powerfully.  The  parts  of  the 
machine,  which  fall  more  immediately  under  your 
attention,  are,  i.  The  ele^ric,  or  the  glafs  cylinder 
which  is  to  be  excited.  2.  The  mechanical  contri-^ 
vances  by  which  it  is  put  in  motion.  3*  The 
cujhion  and  it’s  appendages.  4.  The  conduclor,  or 
conductors. 

The  glafs  cylinder  of  the  machine  before  you, 
fig^  5>  motion  by  a limple  winch. 

This  is  lefs  liable  to  be  out  of  order,  than  thofe  that 


are  turned  wdth  a multiplying  wheel,  and  will  alfo 
enable  you  to  excite  the  machine  more  powerfully. 
The  cylinder,  F G H I,  is  fupported  by  twm  drong 
perpendicular  pieces,  D E.  The  axis  of  one  cap 
of  the  cylinder  moves  in  a fmall  hole  at  the  upper 
part  of  one  of  the  fupports.  The  oppeiite  axis 
palfes  through  the  upper  part  of  the  other  fuppoH,^^^ 
To  this  axis  the  winch  or  handle  is  fitted.  The 
cufhion  is  fupported  and  iuftdaled  by  a glafs  pillar; 
the  lower  part  of  this  pillar  is  fitted  into  a wooden 
focket,  to  which  a regulating  ferew  is  adapted,  to 
increafe  or  diminifli  the  prefllire  of  the  cufliion 
againd  the  cylinder.  A piece  of  filk  comes  from 
the  under  edge  of  the  cufhion,  and  lies  on  the  cylin- 
der, pairing  between  it  and  the  culhion,  and  pro- 
ceeding till  it  nearly  meets  the  collecting  points  of 
the  conductor.  The  more  drongiy  this  filk  is  made 
to  adhere  to  the  cylinder,  the  dronger  is  the  de- 
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gree  of  excitation.  Before  the  cylinder,  or  opJ 
polite  t9  the  cufhion,  is  a metallic  tube  Y Z fup- 
ported  by  a glafs  pillar  L M.  This  is  fometinies 
called  tht  prime  conduflor,  often  only  the  condu^or. 
P.or  the  more  convenient  trying  experiments  on 
the  two  po\yers,  and  exhibiting  the  different  ffates 
of  the  cufhion  and  condudfor,  there  arc  two  wires 
to  be  fixed  occafionally,  the  one  to  the  coiidudtor, 
the  other  to  the  cufhion  j on  the  upper  part  of 
thefe,  are  balls  furniflicd  with  Aiding  wires,  that 
they  naay  be  fet  at  various  dilfances  from  each 
other. 

^ i 

Before  the  dedfrical  machine  is  put  in  motion, 
examine  thofe  parts  which  are  liable  to  wear  cither 
from  the  fridion  of  6nc  furface  againft  ahother, 
or  to  be  injured  by  the  dirt,_  that  may  inAnuatc 
itfclf  between  the  rubbing  furfaces.  If  any  grat- 
ing  or  difagreeable  noife  is  heard,  the  place  from 
whence  it  proceeds,  mult  be  difeovered,  wiped 
clcan^  and  rubbed  over  with  a fmall  quantity  of 
tallow;  a little  fweet  oil  or  tallow  Aiould  alfo  be 
occanonally  applied  to  the  axis  of  the  cylinder. 

The  fc^ws  that  belong  to  the  frame  AiouId 
he  examined,  and  if  they  are  loofe,  they  Aiould  be 
tighteiTc.d. 

The  different  working  parts  of  the  machine 
having  been  looked  into,  and  put  in  order,  the 
glafs  cylinder,  and  the  pillars  which  fupport  the 
cufhion  and  condudor,  Aiould  be  carefully  wiped 
with  a dry  old  lilk  handkerchief,  to  free  them  from 
the  inoiAure  which  glafs  attrads  from  the  air, 
being  particularly  attentive  to  icaVe  no  moiAure 
on  the  ends  of  the  cylinder,  as  any  damp  on  thefe 
parts  carries  oA'  the  elecAric  Auid,  $nd  leAens  the 
force  of  the  machine:  in  very  damp  weather  it 
will  be  proper  to  dry  the  whole  ipachine,  by 
placing  before,  but  alfo  at  fome  diAance  from, 

the  Are*^ 
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Take  rare  that  no  dull,  loofe  threads,  or  fila- 
ments, adhere  to  the  cylinder,  it’s  frame,  the  con- 
diicTrors,  or  their  infulating  pillars  ; bccaufe  thefe 
will  gradually  diliipate  the  eledtric  fluid,  and  pre- 
vent the  machine  from  ading  powerfully. 

Rub  the  glafs  cylinder  firlt  with  a clean,  coarfe,-' 
dry,  warm  cloth,  or  a piece  of  wafh  leather,  and 
then  with  a piece  of  dry,  warm,  foft  filk;  do  the 
fame  to  all  the  glafs  infulating  pillars  of  the  ma- 
chine and  apparatus  ; thefe  pillars  muff  be  rubbed 
more  lightly  than  the  cylinder,  becaufe  they'  arc 
varni  filed. 

A hot  iron  may  in  fome  cafes  be  placed  on 
the  foot  of  the  condudtor,  to  evaporate  the  moif- 
ture  which  w'ould  otherwife  in’iure  the  experiments. 

T 0 excite  your  machine,  clean  the  cylinder,  and 
wipe  the  filk. 

Greafe  the  cylinder  by  turning  it  againji  a greafy 
. leather i till  it  is  uniformly  ohf cured.  The  tallow  of 
a candle  may  be  ujed. 

T urn  the  cylinder  till  the  filk  flap  has  wiped  off 
Jo  much  of  the  greafe,  as  to  render  it  femi-iranff 
parent. 

Put  fome  amalgam  on  a piece  of  leather,  and 
fpread  it  zvell,  Jo  that  it  may  -f>e  uniformly  bright ; 
apply  this  againji  the  turning  cylinder,  the  friblion 
will  immeddately  incriafe,  and  the  leather  mujl  not  be 
removed  until  it  ceafes  to  become  greater. 

Remove  the  leather,  and  the  abtion  of  the  ma^' 
chine  will  be  very  jirong. 

The  prejfure  of  the  cufhion  cannot  he  too  fmaU-i 
when  the  excitation  is  properly  made. 

The  amalgam  is  that  of  Dr.  Higgins,  com- 
pofed  of  zinc  and  mercury  ; if  a little  mercury  be 
added  to  melted  zinc,  it  renders  it  eafily  pulvcr- 
able,  and  more  mercury  may  be  added  to  the  pow- 
der, to  make  a very  foft  amalgam.  It  is  apt  to 
/:rylfallize  by  repofe,  which  feems  in  fome  meafufe 

to 
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to  be  prevented  by  triturating  it  with  a fmall  pro- 
portion of  greafe:  and  it  is  always  of  advantage 
to  triturate  it  before  ufing. 

A very  ftrong  excitation  may  be  produced  by 
applying  the  anialgamed  leather  to  a clean  cylin- 
der, with  a clean  lilk  ; but  it  foon  goes  off,  and  is 
not  fo  ftrong  as  the  foregoing,  which  lafls  feveral 
days. 

Of  the  Momentum  of  the  Electrical  Fluid. 

The  great  ftrength  and  velocity  difplayed  by 
the  eledrical  fluid  in  it’s  motions,  is  an  objedt 
well  worthy  your  inveftigation : and  if  it  be  grant- 
ed, (and  I think  1 iliall  be  able  to  prove  it  to  you) 
that  the  eledric  matter  is  the  fame  wdth  the  folar 
Jhiid,  then  will  the  caufe  of  it’s  momen- 

tum be  the  power  by  which  the  light  of  the  fun 
is  propagated,  the  prclfure  of  which  being  equal 
all  round'  upon  all  bodies,  it  can  neither  move 
them  one  way  nor  the  other.  But  if  by  means  of 
any  other  power,  this  prelTure  is  leflencd  upon  any 
particular  part,  the  current  of  matter  will  fet  for- 
wards towards  that  place,  with  a force  proportion- 
ed to  the  diminution  of  the  preflurc.  Thus,  in 
the  common  experiments  of  the  air-pump,  when 
the  air  is  exhauited  from  the  receiver,  the  prefTure 
of  the  fuperincumbent  atmofphere  is  diredted  to- 
wards every  part  of  the  glafs,  fo  that  if  it  be  of  a 
flat  fquarc  fliape  and  not  very  ftrong,  it  will  cer- 
tainly be  broken.  Now'  there  is  reafon  to  fuppofe, 
that  after  the  air  is  exhaufted  from  the  receiver, 
it  is  full  of  another  fubtil  fluid  of  the  fame 
nature  w’ith  the  eledtric.  If  this  could  alfo  be  cx- 
tradfed  from  the  receiver,  the  preflu  re  on  it’s  fides 
would  be  much  greater,  bccaufe  not  only  the  at- 
mofphere, but  the  w hole  furrounding  ether,  would 

urec  towards  that  place;  and  it  is  not  probable, 
^ ' that 


Of  Electricity. 


31^ 

tliat  this  prelTure  could  be  refilled  by  any  force 
W’hatfoever. 

The  momenlum,  therefore,  of  the  cleBrical 
fluid  depends  on  two  caufes,  the  prejfure  of  the  at^ 
mofphere  upon  the  eledlric  matter,  and  the  prejfure 
of  one  part  of  this  ^natter  upon  anothery  which  is 
extended  throughout  the  iminenfity  of  fpace.  The 
force  and  velocity  of  the  fluid  depends,  therefore, 
in  a great  meafure,  on  that  which  furrounds  us. 
There  is  a certain  ftate  of  this  fluid,  that  we  vio- 
late by  our  experiments  ; when  this  violation  is 
fmall,  the  pow'ers  of  nature  operate  gently  in  re- 
floring  the  diforder  we  have  introduced;  but  when 
arry  coniiderable  deviation  is  occalioned,  the  fame 
pow'ers  reftore  the  original  confiitution  with  ex- 
treme violence.  * 

•v 

Experiments  on  Electrical  Attraction  and 

Repulsion. 

To  the  top  of  this  wire,  three  large  downy 
feathers  are  affixed  by  three  linen  threads.  I infert 
the  lower  end  of  the  wire  into  the  prime  con- 
duclor  ; upon  turning  the  cylinder,  the  plumage 
expands  every  way,  the  threads  alfo  recede  as  far 
as  poffible  from  each  other.  If  I place  my  fingers 
near  the  feathers,  all  the  plumulae  bend  towards 
it ; if  I move  my  finger  this  way  or  that,  they  all 
move  after  it  as  if  alive  ; I put  my  hand  on  the 
conductor,  immediately  the  threads  lofe  their  di- 
vergence, the  plumulae  collapfe,  and  fall  clofe  to- 
gether ; I take  my  hand  away,  the  threads  diverge, 
and  the  feathers  expand  as  before. 

1 cannot  explain  to  you  the  mechanifm  which 
occafions  the  threads  to  diverge;  but  I can  Hate 
thofc  fa6ls  which  muff  concur  to  occanon  it.  We 
know  that  thofe  light  bodies  which  poffefs  the 
fame  kind  pf  electricity  feparate  from,  or  repel 

each 
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each  other  ; the  finger  communicates  to  them  the 
contrary  power;  towards  this,  therefore,  they  are  im- 
pelled by  thier  nature,  in  order  to  refiore  an  equili- 
brium which  our  operations  have  deftroyed.  By 
putting  my  hand  on  the  condudor,  the  powers  are 
immediately  exchanged  and  united,  and  the  elec- 
trical effeds  ceafe. 

I place  this  cork  bally  fufpended  by  filk,  fo 
that  it  may  be  even  with  the  condudor,  and  at 
about  fix  inches  from  it.  1 turn  the  machine,  but 
the  cork  remains  quiet;  touch  it  with  the  end  of 
the  \virc  in  your  hand,  and  the  vitreous  power  of 
the  ball  is  driven  into  you,  and  an  equal  quantity 
of  tile  refinous  is  communicated  to  the  ball,  which, 
will  then  therefore  fly  with  great  rapidity  towards 
the  condudor ; dired  the  pointed  end  of  the  wire 
towards  the  ball,  and  it  will  keep  it  fixed  to  the 
condudor,  by  continually  fiipplying  it  with  the  rc- 
finoiis  power ; remove  the  wire,  and  the  ball  part- 
ing with  it’s  refinous  power  td  the  condudor,  in 
exchange  for  the  vitreous,  of  which  the  condudor 
has  the  greatefi  quantity,  it  becomes  eledrified 
therewith,  and  repelled  from  the  condudor. 

Analagous  to  the  foregoing  experiment  is  the 
following,  with  a piece  of  linen  thread,  which 
from  the  vivacity  of  it’s  motions,  is  termed  the 
animated  thread.  For  this  purpofe  I prefent  a fine 
thread  towards  the  eledrified  condudor,  and  it 
will  fly  backwards  and  forwards,  iri  a very  pleafing. 
manner,  according  as  it  conveys  the  vitreous 
power  to  the  hand,  or  the  refinous  to  the  conduc- 
tor, to  which  it  will  fometimes  be  affixed,  for  the 
fame  reafon  as  the  ball  in  the  preceding  experi- 
ment. l .et  a thread  hang  fre  m the  condudor,  and 
prefent  another  towards  it,  they  will  attract  and 
join  each  other-  prefent  any  non-conduding  fub- 
fiance,  as  a brafs  ball,  near  the  two  threads  ; the 
• lower  one,  or  that  held  by  the  hand,  will  fly  from 
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the  ball,  while  that  affixed  to  the  condudor  flies 
to"joards  it.  The  vitreous  atmofphere  ot  the  coil- 
dudtor  repels  the  vitreous  power  ot  the  ball  into  the 
hand,  and  draws  the  retinous  power  into  it ; the  ball 
being  therefore  reiinoufly  eledtrifled,  attracts  the 
upper  thread,  but  .repels  the  lower  one,  which  is 
in  the  fame  ftate  wdth  itlelf,  as  adted  on  by  the 
fame  caufes.  In  this  experiment  the  affiux  and  ef- 
flux of  the  two  powers  is,  as  it  were,  viliblc  to  the 
fenfes.  You  .will  find,  that  a contrariety  of  power 
mufl  always  precede y and  is  abfolutely  neceflary  to  all 
elecJrical  attract  ion  y and  indeed  to  every  commu- 
nication of  electricity. 

I fufpend  a fmall  copper  plate  from  the  . con- 
duclior ; underneath  this, and  at  a fmall  diftance  from 
it,  is  a larger  copper  plate  which  refls  upon  a pro- 
per (land;  on  the  lower  plate  I put  a leaf  of  gold^ 
turn  the  cylinder,  the  leaf  rifes  upon  the  plate,  and 
expands  itfelf  into  a perfect  plane,  with  one  cor- 
ner oppofite  the  upper,  the  other  corner  oppolitc 
the  under  plate,  moving  quickly  upwards  and  down- 
wards between  both  ; I lower  the  under  plate  by  de- 
grees, the  motion  of  the  leaf  has  now  ceafed,  and 
it  remains  fufpended  in  the  air  between  .the  two 
plates  rdarken  the  room,  and  you  will  find  the  leaf 
fupported,  as  it  w' ere,  by  pillars  of  fire  ; now  as  no 
fubftance  can  be  thus. fupported  in  equilibrio,,  but 
by  the  joint  aCtion  of  two  forces  acting  in  oppofite 
directions,  we  have  a clear  proof  that  there  rnult  be 
two  forces  thus  acting  in  the  prclent  inftance. 

Place  fome  fmall  paper  figures  of  men, 
women,  &c.  on  the  lower  plate,  pi • i ; 

turn  the  cylinder,  and  you  fee  the  images  rife 
up,  moving  from  one  plate  to  the  other.  They 
generally  nmve  in  an  credt  pofuion,  fomecimes 
leaping  one  upon  andfher,  and  moving  in  fuch  a 
variety  of  pofiures,  as  to  aflbrd  much  entertain- 
ment. The  dance  between  them  has  fo  droll  an 
appearance,  if  well  condudlecl,  that  there,  arc  few 
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who  can  look  upon  it  without  laughing.  I have 
before  obferved  to  you,  that  there  are  t'xo  pozvers 
in  ciedricity ; nov/  the  heads  of  the  puppets  are 
cledrified  with  one  power,  and  the  feet  with  the 
other  ; they  are  therefore  repelled  at  both  ends,  and 
never  come  in  contadf,  unlefs  the  lower  part  of  one 
touch  the  higher  part  of  the  other,  and  then  they 
approach  and  Hick  together. 

The  foregoing  experiment  is  not  only  amufing, 
but  infiruCtivc  : you  will  find  that  a very  minute 
alteration  in  their  figure,  will  make  the  images 
dance  between  the  plates,  or  remain  fixed  to  the 
upper  or  under  plate  ; for  this  end,  the  upper  part 
lliould  be  always  fo  mmeh  larger  than  the  lower 
part,  as  to  contain  a part  of  the  pow'cr  going  in,  as 
much  greater  than  what  goes  out,  as  will  be  equal 
to  the  gravity  of  the  paper  : with  a little  practice 
you  will  bc,able  to  make  one  of  them  dance  for 
fome  minutes  without  touching  cither  the  top  or 
bottom  plate. 

To  further  illuHrate  the  affluence  and  effluence 
of  the  tw’o  powers,  dry  the  head  of  one  of  the 
images,  and  the  power  thrown  out  from  the  con- 
dudor  cannot  enter  that  puppet  fo  freely,  as  the 
contrary  power  from  the  lower  plate  enters  the 
feet,  which  arc  not  fo  dry  ; the  image  will  there- 
fore afeend  to  the  upper  plate,  and  remain  there  ; 
reverfe  the  experiment,  by  drying  the  feet  and 
WTtting  the  head,  and  the  image  will  remain  fixed 
to  the  lov/er  plate.  Thcfe  as  well  as  many  other 
experiments  will  prove  to  you,  ihat  il  is  not  the 
mere  component  parts  of  the  body  that  are  adted  on^ 
in  cledirical  experiments^  but  that  it  is  the  different 
fates  of  the  elc(ffrical  powers  inherent  or  adhefive 
to  the  body  which  occafion  the  effects  ; and  that, 
firictly  fpcaking,  it  is  the  oppofite  pow'ers  only  that 
attract  each  other,  and  that  nofubftance  is  ever  at- 
traded  until  it  has  acquired  a contrary  eledricity. 

If  the  two  powers  cannot  be  put  in  adion,  the 

experi- 
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experiment  will  not  fucceed  ; for  if  you  place  your 
images  on  a clean  dry  pane  of  glafs,  and  hold  this 
under  the  upper  plate  (hrfl:  removing  the  lower 
plate  and  it’s  ftand),  you  will  find,  that  the  images 
will  not  be  put  in  motion,  notwithfianding  you 
continue  to  turn  the  machine.  Glafs  does  not  tranf- 
mit  the  two  eledricitics,  and  therefore  no  con- 
trariety in  the  electric  fiate  of  the  image  can  be 
occafioned,  and  confequently  it  will  not  move  back- 
wards nor  forwards  between  the  two  plates.  But 
if  any  means  be  ufed  to  caufe  an  exchange  in  the 
powers,  as  by  holding  your  finger  under  the  glafs 
plate,  they  w ill  be  driven  backv/ards  and  forwards 
as  before. 

Here  is  a fmall  apparatus,  confifting  of  three 
bells  with  two  clappers  between  them,  fig,  6,  pL 
I ; they  are  fufpended'  from  a ftrait  piece  of  brafs, 
the  two  outer  ones  by  fmall  brafs  chains,  the  mid- 
dle bell  and  the  clappers  are  fufpended  on  filk ; 
from  the  middle  bell  there  is  a chain  which  goes 
down  to  the  table ; I turn  the  machine,  and  the 
clappers  fly  from  bell  to  bell,  affording  you  a pleaf- 
ing  peal  by  clcdlricity.  The  power  from  the  con- 
ductor is  conveyed  dowm  the  chains  to  the  exterior 
bells  j by  means  of  the  chain,  the  exterior  bells 
repel  the  fame  pow'er  wnth  which  they  are  electri- 
fied from  the  ball  or  clapper,  which,  on  the  powers 
being  thus  feparated,  are  driven  to  the  outer  bell  by 
the  contrary  power  which  fits  in  from  the  table,  &c. 
through  the  middle  bell  ; the  ball  becoming  elec- 
trified with  the  fame  power  as  the  middle  bell,  is 
driven  back,  and  will  continue  going  from  one  to 
the  other,  as  long  as  the  outfide  bells  are  kept  in 
an  electrified  ftate  by  the  machine. 

If  you  take  hold  of  the  filk  cord  which  is  tied 
to  the  lower  end  of  the  chain  that  comes  from  the 
middle  bell,  and  thereby  raife  that  chain  from  the 
table,  the  ringing  will  immediately  ftop ; for  filk 

being 
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being  a noii-condu(5lor,  prevents  the  afflux  and  ef-. 
Jinx  of  the  fluids. 

As  the  apparent  attradlion  and  repullion  of  all 
light  bodies  depend  on  the  afflux  efflux  of  the 
fepah  ated  powerSy  I fliall  not,  in  fhewing  you  cvxTy 
experiment,  enter  into  a detail  of  thefe  circum- 
llances;  hoping  that  what  1 have  already  faid,  will 
render  that  point  fufficiently  clear.  I turn  the  ma- 
chine with  one  hand,  and  hold  the  other  about  three 
or  four  inches  from  the  end  of  the  conductor  ; drop 
a fmall  lock  of  cotton  upon  the  hand  near  the  con- 
ductor, and  the  cotton  immediately  jumps  from 
my  hand  to  the  condudtor  and  back  again,  Itretch- 
ing  itfelf  out  both  ways  into  a longiili  form,  and 
moving  fo  quick  that  you  will  fcarce  be  able  to 
perceive  it’s  form. 

‘Here  is  a fmall  toy,  fomewhat  refembling  a 
hog;  I have  coated  it  with  ermine,  in  the  hairs  of 
which  I have  inferted  a lew  pieces  of  cotton  pul- 
led out,  fo  as  to  be  of  a confiderable  length  ; place 
this  upon  the  conductor,  I turn  the  machine,  and 
the  hairs  of  the  ermine  diverge,  and  the  pieces  of 
cotton  are  difeharged  and  driven  fome  feet  from 
the  condud'or.  This  apparatus,  by  thus  difeharg- 
ing  it’s  quills,  may  be  called  with  propriety  the 
ele^rical  porcupine.  * 

Few  branches  of  philofophy  afford  fo  much 
entertainment  as  cledricity  ; here  the  ufefui  and 
the  agreeable  are  intimately  blended,  and  while 
you  are  inveltigating  fcience,  you  arc  entertained 
by  .the  variety  and  beauty  of  the  experiments.  It 
was  the  ffrong,  attradtivc,  and  repuHive  powers  ex- 
hibited by  cledricity,  that  firft  engaged  the  atten^ 
tion  of  natural  philofophcrs;  by  thefe  they  were  led 
on  to  purfuc  the  fubjeds,  as  it  were  by  enchant- 

ment;, 
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ment,  and  have  been  richly  rewarded  by  difeoveries 
both  interefting  and  important. 

A few  more  of  the  leading  experiments,  which 
have  been  fo  advantageous  to  fciencc,  will  not  be 
unpleafant. 

Methods  of  imitating  the  Planetary 

Motions. 

Rackftrow’s  orrery  confifts  of  fmall  glafs  balls 
blown  exceeding  thin  ; they  are  placed  on  a 
wooden  board,  and  environed  with  circles  of  brafs 
wire  infulatcd  with  fealing-wax^  or  glafs,  of  fuch 
a height  that  the  center  of  the  balls  may  be  nearly 
parallel  to  the  wire  circles.  One  of  thefe  circles 
may  reprefent  the  orbit  of  Saturn^  another  that  of 
Jupiter^  &c.  the  circles  being  connedled  with  the 
conductor  of  the  machine  by  a wire>  and  a glafs 
fphere  placed  between  each,  the  fpheres  will  per- 
form their  revolutions  round  their  orbitSy  and  at  the 
fame  time  acquire  a rotation  on  their  axes.  ' 

When  the  machine  is  fet  in  motion,  the  balls 
will  be  firfl:  attracted  to  the  brafs  circles,  by  which 
means  the  point  that  touches  the  brafs  circle  will 
become  eledrified,  and  be  immediately  repelled  ; 
other  parts  will  in  the  fame  manner  be  attraded 
and  repelled,  by  which  means  the  glafs  ball  ac- 
quires a kind  of  fpinning  motion  on  it’s  axis,  at 
the  farne  time  it  muft  have  a progreiTive  motion 
round  the  circle. 

Provide  a ball  of  cork  about  three  quarters 
of  an  inch  in  diameter,  hollow  ed  out  in  the  inter- 
nal part  by  cutting  it  in  two  hemifphercs,  fcoop- 
ingout  the  iniidcs,  and  then  joining  them  together 
with  pade.  Having  attached  this  to  a filk  thread, 
between  three  and  four  feet  in  length,  fufpend  it  in 
fuch  a manner  that  it  may  juft  touch  the  knob  of 
VoL.  IV.  ' Y 
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an  elc(5lric  jar,  the  outfide  of  which  communicates 
with  the  ground.  On  the  firlt  contad  it  wdll  be 
repelled  to  a confiderable  diftance,  and  after  ma- 
king feveral  vibrations,  will  remain  fla t ionary ; but 
if  a candle  is  placed  at  fome  diflance  behind  it,  fo 
that  the  ball  may  be  between  it  and  the  bottle,  the 
ball  will  inffantly  begin  to  move,  and  will  turn 
round  the  knob  of  the  jar,  moving  in  a kind  of 
ellipfis,  as  long  as  there  is  any  eledfricity  in  the 
bottle.  This  experiment  is  very  ffriking,  though 
the  motions  are  far  from  being  regular  ; but  it  is 
remarkable,  that  they  always  affed:  the  elliptical 
rather  than  the  circular  form. 

Cut  a piece  of  India  paper  in  the  lhape  of 
an  ifofceles  triangle,  whofe  lides  are  about,  two 
inches  long  and  two  tenth's  of  an  inch  in  breadth ; 
then  ered  a brafs  ball  of  two  or  three  inches  dia- 
meter on  a brafs  wire  one  fixth  of  an  inch  in 
thicknefs,  and  tw'o  feet  fix  inches  long,  on  the 
prime  condudor  ; eledrify  the  condudor,  and  then 
bring  the  obtufe  end  of  the  piece  of  paper  within 
the  atmofphere  of  the  bail  ; let  it  go,  and  it  will 
revolve  round  the  ball,  turning  often  round  it’s 
own  axis  at  the  fame  time. 

Tumbler  and  Balls. 

Put  a pointed  wdre  into  one  of  the  holes 
W'hich  are  at  the  end  of  the  condudor,  hold  a glafs 
tumbler  over  the  point,  then  eledrify  the  conduc- 
tor and  turn  the  tumbler  round,  that  the  whole 
interior  furfacc  may  receive  the  fluid  from  the  > 
point ; place  a few'  pith  balls  on  the  table,  and 
cover  them  with  this  glafs  tumbler,  the  balls  wdU 
immediately  begin  to  leap  up  and  down,  as  if  they 
were  animated,  and  wdll  continue  to  move  tor  a 
long  time. 
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Electrical  Fluid  universally  disseminated, 
AND  in  continual  AcTION. 

That  the  eleEirical fluid  is  univerfally  diflemi^ 
natedy  and  in  continual  adion,  has  long  been  the 
opinion  of  thofe  who  have  paid  attention  to  it. 
To  prove  this  to  others,  various  indrumcnts  have 
been  contrived  to  detedl  t\\Q  fmallefl  variations,  and 
difcover  the  minuted  figns  of  it’s  exiftence;  thefc 
have  been  generally  named  eleEiromelers  ; and 
among  thefe,  that  defcribed  by  the  Rev.  Mr.  Ben- 
net,  of  Wirkfworth,  Hands  the  foremoft,  as  be- 
ing by  far  more  fendble  than  any  of  the  red. 

This  is  one  of  them, 770-.  i,  />/.  2. 

The  foot  is  made  of  metal,  and  about  three 
inches  high,  that  you  may  handle  the  indrument 
without  touching  the  glafs  ; the  cylindrical  glafs, 
in  which  the  gold  leaf  is  fufpended,  is  about  five 
inches  high,  and  one  in  diameter;  the  cap  is  made 
of  metal,  and  flat  on  the  top,  that  the  various  fub- 
dances  whofe  electricity  is  to  be  examined  may  be 
conveniently  placed  thereon.  The  diameter  of  the 
cap  is  larger  than  that  of  the  glafs,  and  it’s  rim  is 
about  an  inch  deep,  hanging  parallel  to  the  glafs 
iii  order  to  keep  it  clean  and  dry;  within  this  is 
another  circular  rim  that  goes  over  the  glafs,.  and 
is  lined  with  a foft  fubdance  to  make  it  fit  clofe 
within  this  rim  ; at  the  center  of  the  cap  a tube 
IS  fixed,  wherein  the  peg  is  placed  to  winch  the 
two  flips  of  gold  leaf  or  filver  are  faflened. 

• were  no  glafs,  the  gold  leaf  would  be  fo 

agitated  by  thedead  motion  of  the  air,  that  it  would 
be  entirely  JJ^ejefs  To  prevent  the  gold  leaf  from 
being  attradled  and  torn  by  flying  to  die  glafs,  two 
pieces  of  tinfoil  are  tadened,  with  varnilli  on  the 
oppofite  fides  of  the  glafs,  where  it  may  be  ex- 
pected to  drike  thefe  flips  and  carry  off  the  fuper- 

^ ^ fluous 
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fiuoiis  electricity^  and  inereafe  the  fenfibility  oi 
tiie  iafti-ument. 

I'he  experiments  made  with  this  inftriiment> 
not  only  ftiew  that  the  cledtrical  fluid  is  imiver- 
laliy  diflcminated,  but  that  the  fmalleji  motions  in 
nature  difiiirh  it’s  natural  equilibrium,  and  Jeparatc 
the  two  powers,  and  thus  manifeft  it  to  our  lenfes, 
lhat  this  fluid  is  the  etherial  medium,  or  clement 
ot  fire,  conneded  with  fome  material  fubflance, 
can  fcarce  now  be  doubted : if  fo,  all  the  ofcilla- 
tions  in  nature  put  it  in  ad  ion,  or,  what  is  more 
probable,  it  is  the  caufe  of  thofe  ofcillations.  Mr. 
Penn  ex’s  eledrometcr  will  prove  to  you,  that  all 
Jolution of  continuity  (iXQAlcs  elcdricity;  and  I be- 
lieve there  is  fcarce  any  inflance  w'here  it’s  action  is 
?nanifcf.ed,  but  what  may  be  traced  to  this  Jource^ 
In  other  w^ords,  every  thing  that  will  inereafe  one 
power,  or  leflen  the  other,  produces  eledlric  figns. 

Not  to  interrupt  too  much  the  progrefs  of  our 
Ledures,  1 fliall  relate  to  you  fome  of  Mr.  Ben- 
net’s  experiments. 

I,  Powdered  chalk  was  put  into  a bellows, 
and  blown  upon  the  cap  of  the  eledrometer;  the 
flream  of  chalk  produced  vitreous  elcdricity,  w’hen 
the  nozzel  of  the  bcllow's  was  only  fix  inches  diftant 
from  the  cap  ; but  the  fame  flream  cledrificd  it  with 
the  rclinous  power,  when  at  the  diflance  of  three  feet. 
In  this  experiment  the  quality  of  the  eledricity 
feems  to  be  changed  by  difperling  or  widening  the 
flream,  aiid  making  it  pafs  through  a longer  trad  of 
air;  it  is  alfo  changed  by  palling  the  flream  through  a 
bunch  of  fine  wires,  filks,  or  feathers,  placed  in 
the  bellows  ; it  is  ref  nous  w hen  blown  from  a pair 
of  bellow  s,  the  iron  pipe  being  taken  ofl  to  en- 
large the  flream.  This  laft  experiment  feems  to 
anfwer  beft  in  damp  weather.  Ihe  vitreous  elec- 
tricity generally  remains;  but  in  the  ref  nous,  the 
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leaf  gold  collapfes  as  foon  as  the  cloud  of  chalk  is 
palTcd. 

2.  A piece  of  chalk  drawn  over  a brulh,  or 
powdered  chalk  put  into  a brulh,  and  projecfled  on 
the  cover,  gave  relinous  eledtricity.  Xhe  eledlri— 

city  was  not  permanent. 

3,  Powdered  chalk  blown  with  the  mouth,  of 
a pair  of  bellows,  from  a plate  placed  upon  the 
cover,  gave  a permanent  vitreous  ele^ftricity.  If  a 
brufli  is  placed  upon  the  cover,  and  a piece  of 
chalk  is  drawn  over  it,  when  the  hand  is  with- 
drawn, the  leaf  gold  gradually  expands  with  vitre- 
ous eledlricity,  as  the  cloud  of  chalk  difperfes. 

O F THE  Franki.inian  Theory^ 

It  was  not  my  intention  at  firft  to  have  parti- 
cularly noticed  the  defec^ts  of  this  theory;  but  as 
fome  late  writers  have  endeavoured  to  conceal  iPs 
errors,  either  by  giving  up  fome  of  the  mod  efien- 
tial  parts,  or  by  endeavouring  to  bend  fadls  to  ac- 
commodate to  this  theory,  it  became  neceflltry 
to  point  out  a few  of  it’s  defedls  and  inconfiftencies. 
Many  parts  thereof,  I conceive,  w^ould  never  have 
been  accredited,  if  it  had  not  been  nccclTary  for 
party  purpofes,  to  eftabliih  the  author’s  reputation 
as  a philofopher.* 

From  hence  wx  may  learn,  that  all  new  dif- 
coveries  Ihould  be  admitted  w ith  caution,  for  they 
are  feldom  accurate,  and  free  from  errors  ; we  are 
too  often  apt  to  be  led  away  by  glimmerings  ot 
light,  or  even  falfe  views  of  objedts,  which  are 
often  of  worfe  confequcnces  than  a total  want  of 
knowledge. 

Y 3 ‘ I fliall 

* On  this  head,  the  anecdotss  to  be  related  are  numerous  and  • 
curious. 
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I fiiall  enumerate  the  leading  princioles  of  the  ' 
rrankimian  fydem,  thofe  which  have  always  been 
confidered  in  that  light,  by  the  beft  writers,  and 
ablerc  advocates  in  favour  of  this  fyffem ; and  we 
may  therefore  juftly  conclude,  that  whofoever  gives 
up  any  of  thefe,  fo  far  abandons  the  principles  on 
which  It  IS  founded. 

I.  1 hat  the  operations  of  eledfricity  depend  on 
the  action  of  '^Jimpie  homogeneous  fluid. 

• r cledfric  matter  violently  repels 

itfelf,  but  attradls  all  other  matter. 

3-  Thar  glajs  and  all  other  eleftrics,  thoush 
they  contain  a great  quantity  of  eledric  matter, 
are  neverthelefs  impermeable  thereto. 

4.  I hat  by  the  excitation  an  eledric,  the 
equilibrium  of  the  contained  fluid  is  broke,  and 
one  body  becomes  overloaded  with  eledricity, 
while  the  other  is  deprived  of  it’s  natural  fhare. 

5*  Eiedricity  is  pojitive  w hen  a body  has  more 
than  it’s  natural  fhare ; the  eledricity  is  negative 
when  a body  has  lefs  than  it’s  naturarihare. 

With  refped  to  the  firfl  pofition,  you  will  find, 
that  it  s. friends  can  bring  no  experimental  proof 
to  fhew  the  homogeneity  of  this  fluid,  or  it’s  ac- 
tions ; but  on  the  contrary,  they  are  forced  by  ex- 
periment to  acknowledge  a contrariety  of  flate  in 
every  operation: 

Ihe  lecond  pofition  is  not  only  deffitute  of 
proof,  but  contradidory  to  all  experiments;  for 
the  eleciric  fluid  never  attradls  matter  as  fuch,  but 
only  on  account  of  the  flate  of  the  eledfric  matter 
theiein.  It  is  not  repulflvc  of  itfelf;  the  appear- 
ances on  which  this  idea  is  grounded,  are  owing 
to  the  refl fiance  of  tlie  air.  Both  attradion  and 
rcpulfion  ceafe  where  the  powers  can  unite  without 
this  refinance. 

In  the  courle  of  thefe  Ledures,  you  will  fee 
many  experiments  that  prove  the  permeability  of 

•glafs, 
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^lafs.  The  notion  of  it’s  impermeability  is  alto^ 
gethcr  hypothetical,  for  it  is  not  fupportcd  by  any 
one  determinate  experiment,  and  is  contra.ry  to 
every  eledlrical  appearance.  You  will  find  the 
ideas  of  the  Franklinians  concerning  it  quite  con- 
tradictory, fome  allowing  that  it  s influence  acts 
through  glafs,  yet  maintaining  that  it  is  imper- 
meable thereto;  others  allowing  certain  kinds  of 
glafs  to  be  permeable.  Indeed  you  may  gather  from 
their  writings,  that  the  bejlt  and  the  worji  viirijied 
that  cold  and  warm  glafs  are  all  more  01  lefs 

permeable."*^ 

The  fourth  and  fifth  principles  may  be  con- 
fidered  as  one,  for  they  are  fo  intimately  connect- 
ed, as  not  to  be  ieparated  : whatever  weakens  the 
proofs  of  the  one,  diminifhes  thofe  of  the  other. 
The  whole  Ffanklinian  hypothefis  falls  to  the 
ground,  if  the  fupporters  thereof  cannot  prove, 
.that  pojitive  elcClricity  is  a fuperabundant  quantity, 
an  accumulation  of  eleClric  matter  in  the  body 
pofitively  eleCtrifted,  and  negative  eleClricity  a de- 
privation of  the  quantity  of  this  matter  natuial  to 
a body. 

Now  in  the  firfl;  place,  we  have  ftrong  rea- 
fon  to  fuppofe,  that  every  cleClric  appearance  is 
occafioned  by  the  fluid  being  in  a divided  and 
weakened  ftate;  but  putting  this  confideration  out 
of  the  queftion,  let  us  alk  the  fupporters  of  the 
Franklinian  fyllem  for  a proof  of  this  pofition,  and 
(flrange  to  tell  !)  you  will  find  it  deftitute  thereof. 
You  will  find  them  only  reafoning  in  a circle, 
proving  the  thing  from  itfelf ; a method  from 
which  no  conclufion  can  be  drawn.  Thus,  for  in- 
ftance,  a body  that  is  pofitively  eleClrified,  attracts 

Y 4 one 

* Lyons,  Remarks  on  the  leading  Proofs  of  the  Franklinian 
Theory.  Milner’s  Experiments  and  Obfervations  on  Ele6lricity, 
&c,  &c. 
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one  that  is  negatively  eledrified,  bccaufc  the  firll 
has  too  much,  and  the  other  too  little  eledricity. 
Demand  how  they  prove  one  has  too  much,  and 
the  other  too  little  of  this  fluid,  and  they  anfwer 
hecaufe  they  attrad  each  other  ! ! ! 

According  to  their  principles,  the  eledrical 
fluid  IS  as  adive  when  redundanty  as  when  deficient ; 
and  yet  when  it  is  in  an  intermediate  ftate,  it  is  in- 
adive.  Two  light  bodies  fufpended  jn  contad, 
an  their  natural  flate  Ihew  no  ligns  of  eledricityj 
take  away  part  of  their  eledric  fluid,  and  they  re- 
pel each  other;  take  away  fHll  more,  and  the 
power  of  repulfion  increafes ; fo  that  the  more  a 
body  is  deprived  of  it’s  electric  fluid,  the  more 
atUve  and  extenfive  is  it’s  eledric  adion/’  * 

Another  mode  by  w'hich  they  endeavour  to 
fupport  their  fyllem  is,  by  fhewing  that  the  elec- 
tric fluid  ajways  moves  in  one  diredion,  that  is, 
from  the  pofitive  to  the  negative.  Now  if  it  can 
be  proved,  as  I think  it  has  already  been  in  a great 
degree,  that  there  are  two  powers  atling  in  contrary 
directions ; the  negative  eledricity  will  turn  out  to 
be  a pofitive  aCiive  power^  and  the  Frankliniaa 
hypothdis  will  fall  to  the  ground,  being  deflitute 
of  any  proof.  I fliall  hereafter  fhew  you,  that  in 
the  difeharge  of  the  Leyden  phial,  there  is  not 
only  a power  acting  from  the  infide  to  the  outfide, 
but  alfo  at  the  fame  inflant  a power  ading  from 
the  outfide  to  the  infide.  Whofoever  allows  two 
currents  ading  in  oppofite  diredions,  whatever 
may  be  his  pretences,  gives  up  the  Franklinian 
theory,  and  confefies  himfelf  unable  to  maintain 
it  on  the  original  principles  laid  down  by  the  au- 
thor-, and  vindicated  by  Canton,  Le  Roy,  Pried- 
Jey,  Becket,  Henly,  Bcccaria,  Cavallo,  &c.  &c. 

Further  proofs  of  the  inconfiflency  and  weak- 
nefs  of  this  theory  will  be  Ihewn  in  the  courfe  of 

theft  . 

• ? Peart  on  Elertiic  Atmorphcrc?,  , 
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thcfe  Ledlures ; but  they  arc  fo  numerous,  that  to 
.expofe  them  all,  would  occupy  too  much  of  our 
time  ; one  or  two  more  I foali  mention  here ; thus 
you  will  find  Dr.  Gray,  in  the  Philofophical  Tranf- 
adlions,  proving  Dr.  Franklin\s  account  of  the 
.charge  and  difeharge  of  the  Leyden  jar,  to  be 
.erroneous  ; yet  endeavouring  to  fupport  the  weak- 
eft  part  thereof.  Mr.  Brooke,  in  his  ” Mifcella- 
neous  Experiments,”  has  fhewn,  (what  Mr,  Ecles 
had  fhewn  years  before,  and  that  by  reafoning  a priori 
from  his  theory)  contrary  to  the  ideas  of  the  bell 
judges  and  friends  of  Franklin’s  theory,  that  dur- 
ing the  time  of  charging  a Leyden  jar,  both  infide 
and  outfide  have  the  fame  kind  of  eledlricity. 
Mr.  Read  has  demondrably  proved,  (by  a method 
prcvioufly  pointed  out  by  Mr.  Eeles)  that  in  the 
difeharge  of  the  Leyden  phial,  a vacuum  forming 
a part  of  the  circuit,  the  eledlric  matter  moves  in 
contrary  direftions;  yet  fuch  is  the  force  of  philo- 
fophic  authority,  that  both  Mr.  Brooke  and  Mr. 
Read  endeavour  to  bend  thefe  fadts  to  fupport  a 

theory,  with  which  they  are  utterly  irreconcileabie. 

• 

Of  THE  Electric  Spark,  and  of  the  Influence 

OF  Points. 

I bring  the  knuckle  of  my  hand  near  the  con- 
ductor, and  a fpark  with  the  appearance  of  fire 
paffes  between  the  condudtor  and  my  hand,  and  I 
feel  a fenfation  fomewhat  refembling  a ftroke  from 
the  end  of  a fmall  wire.  I remove  my  knuckle 
further  from  the  conductor,  and  the  fpark  is  long- 
er, forming  fcveral  curves  in  it’s  palfage,  having 
the  exad  appearance  of  a flafii  of  lightning.  In 
this  experiment  as  much  of  one  power  paffes  from 
the  finger  to  the  condu6tor,  as  of  the  other  from 
the  conductor  to  the  finger.  No  fpark  will  pafs 
unlefs  there  .can  be  this  interchange  of  power ; 

and 
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and  the  fpark  is  always  from  thofe  parts  where  the 
exchange  can  be  mod  readily  effeded. 

Where  the  two  powers  can  be  eafily  changed, 
which  is  the  cafe  with  pointed  metallic  bodies,  the 
equilibrium  is  reftored  Jilently,  and  the  condudor 
is  of  courfe  gradually  diveded  of  it’s  eledric  ap^ 
pearances:  but  where  the  furface  is  large,  and  a 
contrary  date  not  fo  eadly  produced,  the  eledri- 
cities  are  as  it  were  compreded,  and  do  not  efcape 
till  they  have  acquired  power  to  overcome  the 
intervening  fpace  of  air,^  when  it  explodes^  and  the 
/park  is  vivid  like  lightning, 

Ak  foon  as  I prefent  a needle,  or  any  other 
fine  pointed  fubdance,  to  an  eledrified  body,  the 
eledric  duid  is  urged  there  wdth  great  velocity, 
and  the  eledricity  is  faid  to  be  drawn  off*,  nis 
drawing  however y does  not  extend  to  any  great 

dijlancey  not  even  all  round  the  eledrified  body, 
if  you  keep  turning  the  machine  at  the  fame 
time  that  you  prefent  the  point.  To  prove  this, 
place  the  wire,  to  the  end  of  which  a number  of 
fine  threads  are  fadened,  in  one  of  the  holes  on, 
the  top  of  the  condudor ; turn  the  machine,  the 
threads  on  the  wire  diverge,  and  fpread  out  like 
'rays  proceeding  from  a center;  now  prefent  a 
point  towards  one  fide  of  the  condudor,  but  at 
Ibme  didance  from  it,  and  you  fee  the  threads  on 
one  fide  lofe  their  divergence  and  hang  down, 
while  thofe  on  the. other  fide  continue  to  diverge. 

Indeed  a point  never  adls  beyond  the  elediric 
atmojpherey  nor  does  it  ad  upon  that  any  further 
than  it  is  immerged  therein,  and  then  only  fo  far 
as  it  can  draw  the  refmous  powyr  through  iheniy 
and  part  with  fo  much  of  the  vitreous  to  them. 
Sufpend  a piece  of  down,  or  a fmall  ball,  by  lilk, 
fo  that  it  may  hang  againd  the  fide  of  the^  con- 
dudor ; w^hen  you  turn  the  machine,  it  will  be 

eledrified. 
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eleclrified,  and  fly  to  the  extreme  part  of  the  coii- 
du(!:i;or’s  atmofphere  ; now  flop  turning,  and  bring 
a point  towards  the  outfide  of  the  down,  and  in- 
ftead  of  the  down  being  driven  in  towards  the 
condiuflor,  it  will  fly  to  the  point,  till  it  has  ex- 
changed powers  with  the  point  ; then  it  will  fly  to 
the  condudlor,  and  be  cledlrificd,  and  again  re- 
pelled; when  it  comes  to  a certain  diflance  from 
the  point,  it  will  fly  towards  it,  and  be  eleClrified 
thereby,  * and  fo  on,  as  long  as  the  conductor  re- 
mains eleeftrifled. 

When  the  down  is  on  the  verge  of  the  elec- 
tric atmofphere,  immerge  your  point  in  the  atmo- 
fphere, and  you  will  fee  the  down  approach  the 
condudlor  in  proportion  to  the  immerlion  of  the 
point,  and  this  as  often  as  you  move  the  point  for- 
ward to  the  condudlor,  but  no  further;  fo  that  the 
point  ads  only  while  in  contad  with  the  eledric 
atmofphere. 

While’ the  machine  is  turning,  and  the  point 
immerged  in  the  eledric  atmofphere,  there  is  a 
drong  dream  of  the  reiinous  power  flowing  in  from 
the  point  to  the  conductor,  and  that  in  proportion  to 
the  vitreous  power  carried  ofl*  by  the  point.  If 
this  dream  meets  an  electrified  cork  ball,  or  piece 
of  down,  it  will  change  their  powers,  and  electrify 
them  with  the  refinous  power,  by  which  means  they 
^re  attraded  to  the  conductor,  and  wdll  be  fixed 
there  by  the  continual  dream  of  the  refinous  powder; 
draw  back  your  hand  to  leden  the  refinous  dream, 
and  you  will  fee  the  dowm  move  from  the  conduc- 
tor by  degrees,  and  remain  between  the  tw'o 
powers,  without  being  forced  to  the  condudor,  or 
able  to  fly  far  therefrom.  The  foregoing  experi^ 
ments  are  mod  decifive  with  a weak  elcdricity. 

That  the  fpark  or  paffage  of  the  electrical 
fluid,  from  the  prime  condudor  to  any  conduding 
fubdance,  depends  upon  the  greater  or  Id's  degree 

of 
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of  difficulty  in  producing  the  contrary  current,  is 
further  evinced  by  placing  a point  at  the  end  of  a 
piece  of  fealing-wax,  and  at  a fmall  diftance  from 
that  part  of  the  metal  in  contadt  with  the  fcaling- 
wax,  pafle  a fmall  round  bit  of  tin-foil,  at  a little 
diftance  from  this  another  bit,  &c. ; put  your  fin- 
ger upon  one  of  the  pieces  of  tin-foil,  that  is  fur- 
theft  from  the  metallic  point,  andprefent  the  point 
towards  the  condudfor,  and  you  will  find  that  it 
does  not  adt  near  fo  powerfully,  nor  at  fo  great  a 
diftance  as  in  the  former  cafe  ; and  if  you  approach 
it  fufficiently  near  the  condudlor,  a fpark  will  pafs 
between  it  and  the  condudtor.  Connedt  your  fin- 
ger immediately  with  the  metal,  and  you  will  not 
be  able  toobtain  a fp  ark,  and  the  eledlric  appear- 
ances of  the  condudtor  will  be  fooner  deftroyed  by 
the  quicker  interchange  of  the  contrary  powers. 

As  the  fpark,  which  explodes,  and  is  bright  in 
the  aiVi  becomes  filent,  faint,  and  diluted  in  vacuo  : 
fo,  on  the  other  hand,  the  elcdlricity,  that  would 
pafs  imperceptibly  in  air,  may  be  made  to  explode, 
and  become  bright,  by  palling  it  through  mediums 
more  refilling  than  air. 

I place  a metallic  vclfel  nearly  filled  with 
common  oil  on  the  condudlor  ; I lhall  immerge 
therein  a point,  from  which,  in  the  open  air,  I can 
fcarcely  obtain  any  vilible  appearance,  and  you  fee 
that  under  thefe  circumftances,  firong  /parks  pafs 
between  the  point  and  the  bottom  of  the  velfel,  and 
the  oil  is  thrown  into  a violent  ebullition,  by  the 
afflux  and  efflux  of  the  two  eledlricities. 

Here  is  a pointed  wire  fufpended  vertically 
from  the  condudor,  the  point  being  dowmwards, 
from  which  lean  obtain  no  fpark,  though  the  ma- 
chine is  adling  pow  crfully.  I immerge  it  in  a fmall 
bottle  of  oil,  and  put  my  thumb  oppofite  the 
point ; the  fpark  is  loud,  the  oil  is  curioufiy  agitat- 
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cd,  and  if  you  examine  the  bottle,  you  will  find  it 
perforated. 

Round  this  glafs  tube.  Jig.  2,  pi.  2,  at  fmall 
but  equal  diftances  from  each  other,  pieces  of  tin- 
foil  are  paftcd  in  a fpiral  form,  (hence  it  is  called 
the  fpiral  tube)  from  end  to  end  ; this  tube  is  in- 
clofed  in  a larger  one,  fitted  with  brafs  caps  at 
each  end,  which  are  connedied  with  the  tin-foil  of 
the  inner  tube.  Hold  one  end  in  the  hand,  and 
apply  the  other  near  enough  to  the  prime  conduc- 
tor to  takefparks  from  it,  a beautiful  and  lucid  fpot 
will  then  be  feen  at  each  reparation  of  the  tin- 
foil  ; thefe  multiply,  as  it  were,  the  fpark  taken 
from  the  condudlor;  for  if  there  was  no  break  in 
the  tin-foil,  the  eledtric  fire  would  pafs  ofi'  unper- 
ceived. 

Here  are  feveral  fpiral  tubes,  fig.  4,  pi.  2, 
placed  round  a board,  a glafs  pillar  is  fixed  to  the 
center  of  the  board,  on  the  top  of  this  pillar  is  a 
brafs  cap,  carrying  a fine  fteel  point,  to  fupport 
a wire  furnifhed  at  each  end  with  a brafs  ball,  and 
nicely  ballanced.  I place  this  under  a ball  pro- 
ceeding from  the  condadlor,  fo  that  a continued 
fpark  from  this  ball  to  the  center  of  the  fufpended 
wire,  gives  this  wire  a rotatory  motion,  and  the 
balls  in  their  revolution  will  give  a fpark  to  each 
fpiral  tube,  which,  in  it’s  pallage  from  one  fpot 
to  the  other,  forms  a mod  beautiful  fpecies  of  illu- 
mination. 

Take  this  piece  of  filvered  leathery  and  put  it 
round  your  head,  and  then  ftand  upon  the  fbooi 
with  glafs  feet,  connedling  yourfelf  with  the  con- 
dudor  by  a chain.  If,  while  I turn  the  machine, 
any  one  pafs  their  knuckles  near  the  hoop  of  lea- 
ther, moving  them  round  it,  the  leather  will  be 
beautifully  illuminated,  and  brilk  flafiies  of  eledlric 
lightning  will  pafs  between  the  knuckles  and  con- 

dudtor. 
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du6lor.  This  experiment  has  been  termed  the 
dem  of  beatification,^ 

Spirits  of  wine  may  be  eafily  fired  by  the 
elediric  fpark;  to  infure  fuccefs  in  making  the  ex- 
periment, it  is  beft  either  to  heat  the  metallic  ladle 
into  which  the  fpirits  are  to  be  placed,  or  elfe  juft 
to  fire  the  fpirits,  and  blow  them  out,  a few  fe- 
conds  before  they  are  electrified.  This  experiment 
may  be  performed  two  ways : i.  By  placing  the 

ladle  with  the  fpirits  on  the  condudor,  and^theii 
taking  a fpark  through  the  fpirits,  which  will  fet 
them  on  fiie.  Oi,  2.  If  a perfon  (lands  on  the  in- 
fulated  ftool,  and  holds  in  his  hand  a fpoon  with 
the  fpirits  of  wine,  and  another  perfon  on  the  floor 
brings  his  knuckle,  or  a brafs  ball,  quickly  to  the 
furface  of  the  fpirits,  they  will  be  inftantly  in  a 
flame.  You  may  vary  this  experiment  thus  : 3.  Let 
the  eledrified  perfon  on  the  ftool  hold^  the  fpirits 
as  before,  while  another  perfon,  (landing  alfo  on 
an  infulated  ftool,  holds  in  his  hand  an  iron  poker, 
one  end  of  which  is  niade  red  hot;  he  may  then 
apply  the  hot  end  to  the  fpirits,  and  even  immerge 
it  in  them,  without  firing  them ; but  he  may  let 
the  fpirits  on  fire,  with  either  the  hot  or  cold  end, 
provided  the  hot  end  be  not  worn  to  too  fliarp  a 
point.  The  fpirits  could  not  be  kindled  while  the 
perfon  was  infulated,  becaule  the  elcdric  powers 
could  notin  that  cafe  be  feparated;  and  hot  iron, 

. immerfed  in  fpirits,  will  very  feldom  or  never  fet 
them  on  fire. 

You  muft  have  already  obferved,  from  what 
you  have  feen,  that  when  the  quantity  of  eledrici- 
ty  is  fmall,  it  is  incapable  of  ftriking  at  a confi- 
derable  diftance,  and  the  fpark  appears  llrait;  but 
when  it  is  (Irong,  and  capable  of  ftriking  at  a 
greater  diftance,  it  afTumes  a crooked  ziz-zag  di- 
icdion.  In  every  electrified  condudor,  the  elec- 
tricity 

* For  a further  variety  of  experiments  on  thefe  principles, 
ice  my  EJfay  on  Eldindiy, 
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tricity  always  cfcapes  from  that  part  of  the  furface, 
where  the  powers  are  mofl:  feparated.  The  fpark 
is  of  a different  colour  according  to  the  denhty  ; 
when  it  is  rare,  it  appears  of  a bluifh  colour;  when 
more  denfe,  it  is  purple ; when  highly  condenfed,  it 
is  clear  and  white  like  the  light  ot  the  fun.  The 
middle  part  of  an  clccftric  fpark,  when  the  two 
powers  meet,  often  appears  diluted,  and  of  a red 
or  violet  colour,  the  ends  are  more  vivid  and 
white  ; when  very  ffrong,  it  w'ill  branch  out  and 
divide  into  many  parts. 

Of  Motions  produced  by  the  Electric 

Stream. 

Whenever  there  is  an  efflux  of  one  power  of 
cledlricity,  there  is  alfo  an  afflux  of  the  other 
power,  if  any  concluding  fubffance  is  placed  fo 
near  and  in  fuch  circumlfances,  as  that  it  can  be 
drawn  therefrom. 

Here  is  a brafs  crofs,  //^.  5,/)/.  2,  fupported 
on  a point  like  a compafs  needle,  with  each  of  it’s 
points  bent  the  fame  w'ay  ; place  this  upon  the  con- 
ductor, and  as  foon  as  1 turn  the  machine,  it 
turns  with  great  rapidity,  but  alw’ays  from  the 
points,  becaufe  the  eledric  fire  flying  off  from  the 
points,  ads  forcibly  on  the  air,  and  is  confequently 
re-adted  upon,  wdiich  occaflons  the  motion.  Take 
the  fly  and  it’s  point,  and  hold  it  in  your  hand  un- 
der the  condudor,  and  it  will  turn  in  the  fame 
manner,  by  a flream  of  eledricity  of  a contrary 
po  wer  to  that  thrown  oft  from  the  condudor,  which 
is  drawn  in  from  you  and  delivered  from  the  points 
of  the  fly  to  the  condudor.  Now  infulate  the  fly, 
and  place  it  at  the  lame*diflance  from  the  conduc- 
tor, and  it  wdll  not  move,  becaufe  no  eledricity 
can  be  drawn  through  it ; but  hold  a pin  near  it, 
and  the  fjy  will  immediately  begin  to  turn,  as  it 

draws 
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dravv’s  a fufficient  quantity  of  eledricity  from  you 
through  the  pin. 

On  this  principle,  thofe  who  are  defirous  of 
blending  agreeable  entertainment  with  philofophy, 
may  contrive  a variety  of  curious  machines,  vvhofc 
motions  may  be  produced  by  the  electrified  ftream, 
which  will  afford  much  entertainment  to  thofe  who 
can  relift  domeftic  innocent  amufement;  and  by 
thefe  fcience  w'ill  be  benefued,  for  to  render  any 
Icience  familiar,  is  to  render  it  prevalent,  and  the 
more  it  prevails  in  pradice,  the  more  likely  it  is 
to  produce  ufeful  difeoveries. 

If  fmall  boats,  or  little  fwans,  &c.  are  made 
of  cork  or  light  wood,  they  may  be  attraded,  and 
made  to  fw  im  in  any  di  reef  ion,  by  applying  a fin- 
ger towards  them  ; a fine  needle  fiuck  into  the 
end  of  the  boats,  in  the  manner  of  a bow'fprit,- 
will  caufe  them  to  be  repelled  from,  the  hand  held 
over  it,  and  they  may  be  fleered  by  it,  llern  fore- 
moff,  to  what  point  of  the  compafs  you  pleafe. 
The  boats  might  have  the  addition  of  fails  to  them, 
and  might  then  be  made  to  move  brifldy  before  an 
eledrical  gale,  from  the  point  of  a wire  held  in 
the  hand. 

' The  operator  in  thefe  tricks  would  certainly 
be  looked  upon  as  a magician,  if  the  eledrical 
machine  is  kept  out  of  fight.  But  a more  flriking 
fight,  would  be  a number  of  thefe  boats,  with 
each  of  them  a twirling  fly,  about  an  inch  in 
length  fixed  to  the  top  of  the  malt ; the  hand  held 
over  them  would  fet  themidl  In  motion ; in  the 
dark  they  would  appear  as  fo  many  rings, of  fire, 
moving  in  various  courfes,  and  following  the  hand 
in  any  diredion,*  ^ . 

' Of 
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Of  the  Diffusion  and  Subdivision  of  Fluids 

BY  Electricity. 

From  experiments  made  by  Abbe  Nollet,  it 
appears,  that  eledlricity  augments  the  natural  eva- 
poration of  moft  fluids*  particularly  of  thofe  which 
have  the  greateft  tendency  to  evaporate ; that  it,  in 
this  refped:,  ads  mofl:  powerfully  upon  the  fluids 
when  they  are  contained  in  metal  veflels ; but  it 
never  makes  any  fluids  evaporate  through  the  pores 
either  of  metal  or  glafs.  When  fluids,  that  are 
pafling  through  capillary  tubes,  are  eledtrified,  the 
llream  is  fubdivided  ; and  if  the  tube  be  lefs  than 
of  an  inch  in  diameter,  their  motion  is  gene- 
rally accelerated. 

I fufpend  this  metal  phial  (to  the  bottom  of 
which  a capillary  tube  is  adapted)  to  the  conduc- 
tor ; before  I turn  the  cylinder,  the  tube  carries  off 
the  water  only  by  interrupted  drops  ; but  on  turn- 
ing the  cylinder,  and  eledrifying  the  water,  the 
dropping  from  the  tube  is  changed  into  a con- 
tinued dream.  On  applying  my  finger  to  the  con- 
dudor,  the  eledricity  is  interrupted,  and  the  water 
again  only  defeends  in  drops  : my  finger  taken 
away,  the  water  runs  in  a diverging  dream : darken 
the  room,  and  you  perceive  a fiery  dream  defeend 
from  the  tube.  This  experiment  has  been  termed 
the  eledrical^V/  de  feu, 

Infulate  two  pails  with  capillary  tubes  ; con- 
ned one  with  the  cufhion,  the  other  with  the  con- 
dudor ; turn  the  machine,  and  the  water,  w’hich 
is  difperfed  into  very  minute  particles,  when  they 
are  near  enough,  is  brought  together  by  the  efl'orl 
of  the  two  powers  to  join  each  other  ; the  drops 

coalefcc  and  come  down  like  a heavy  diower  of 
rain. 

I place  a drop  of  w^ater  on  the  condudor,  and 
turn  the  machine.  On  prefenting  my  knuckle  to- 
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wards  this  drop,  long  zig-zag  /parks  are  obtained 
from  the  drop  of  water ; the  drop  takes  a conical 
figure  ; my  knuckle  is  wetted.  The  fpark  was  eon- 
liderably  longer  than  could  be  obtained  from  the 
conductor  without  the  water. 

Faften  a piece  of  good  fealing-wax  to  the  ball 
on  the  end  of  the  condudlor,  but  place  it  in  fuch. 
a manner  that  it  may  be  ealily  fet  on  fire  by  a 
taper ; fet  it  on  fire  while  I turn  the  machine  ; 
the  wax  becomes  pointed,  and  fhoots  out  an  almofi 
invifible  thread  to  a confiderable  diftance.  If  you 
receive  the  filaments  on  a fheet  of  paper,  the  paper 
will  be  covered  in  a very  curious  manner  by  the 
electrified  wax  threads;  the  wax  flying  to  thofe 
places  where  it  can  unite  with  the  contrary  power. 
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Of  the  Leyden  Phial. 

T^R.  PRIESTLEY  has  well  obferved,  that  elec- 
tricity  has  one  advantage  over  mod  other 
branches  of  natural  philofophy  : it  furniflies  mat- 
ter of  entertainment  for  all  perfons  promifcuoufiy, 
while  it  is  alfo  a fubjed:  of  important  fpeculation 
for  the  mod  philofophic  minds.  Neither  the  air- 
pump,  nor  the  orrery,  nor  any  experiments  in  hy- 
drodatics,  optics,  or  magnetifm,  &c.  ever  brought 
together  fo  many,  or  fuch  great  concourfes  of 
people,  as  thofe  of  eledricity  have  fingly  done. 

If  you  only  condder  what  it  is  in  objects  that 
makes  them  capable  of  exciting  that  pleafing  ado- 
nifhment  which  has  fuch  charms  for  ail  mankind, 
you  will  not  wonder  at  the  eagernefs  with  which 
perfons  of  both  fexes,  and  of  every  age  and  con- 
dition, run  to  fee  cledrical  experiments.  For  here 
you  lee  the  courfe  of  nature  overturned  to  all  ap- 
pearance, and  by  caufes  feemingly  inconfiderable. 

For  it  exhibits  to  you  bodies  riling  and  falling, 
moving  this  w ay  and  that,  and  fufpended  by  others 
contrary  to  the  principles  of  gravitation,  and  this 
by  powers  which  have  been  put  in  adtion  only 
by  a very  dight  fridion.  Here  you  may  fee  a piece 
of  cold  metal,  or  even  water  or  ice,  emitting 
drong  fparks  of  fire,  fo  as  to  be  able  to  kindle 
many  inflammable  fubdances.  Nor  w’ili  you  find 
any  thing  more  adonilhing  than  what  1 am  goino 
to  exhibit  to  you.  You  will  find  a common  glafs 
jar,  after  a little  preparation,  capable  of  givinp-  a 
perfon  luch  a violent  fenfation,  as  nothing  elfe^in 
nature  can  give  ; and  that  tlie  difcliarge  ol  the  boi  ~ 
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tic  i«  attended  with  an  cxploHon  like  thunder,  and 
a flafli  like  lightning. 

‘ Before  I enter  into  the  theory  of  charged  glafs, 

I fbalhfhew  you  in  what  manner  it  is  charged  and 
difcharged.  This  jar  is  coated  on  the  outfide  and 
lined  on  the  infide  with  tinfoil,  to  about  two  inches 
fliort  of  the  top,  which  is  flopped  with  a piece  of 
wood.  A wire  palfes  through  the  wooden  top,  and 
is  connedled  underneath  with  two  other  wires, 
w^hich  are  bent  fo  as  to  touch  the  inlide  coating 
of  the  jar  j a fmooth  hall  is  fixed  on  the  top  of  the 
wire. 

^0  dif charge  the  jar  without  receiving  what  is 
called  the  Jhock  For  this  purpofe,  two  inflruments 
'have  been  contrived,  one  called  the  common  dij^ 
charging  rod^jig.  pi»  t>  which  is  nothing  more 
than  a femicircular  brafs  wire,  furniflied  with  two 
brafs  balls,  one  at  the  end  of  each  wire.  The 
other,  which  is  of  very  extenfive  ufc  in  elearical 
experiments,  is  called  the  jointed  dif  charging  rod, 
fig-  9»  furnifhed  with  a glafs  handle; 

the  legs  are  moveable,  and  may  be  let  to  any  given 

diflance  by  mieans  ot  the  joint.  . ? ^ 

Place  the  jar  on  the  table,  fo  that  the  ball  on 
the  top  of  it*s  wire  may  be  about  one^eighth  of  an 
inch  from  the  ball  of  the  prime  condudlor.  Turn 
the  machine,  and  fparks  will  liy  from  the  ball  ot 
the  cohdu<!:ior  to  the  ball  of  the  jar:  continue  uirn- 
ing  as  long  as  you  perceive  the  fire  pafs  between 
the  condo  dor  and  ball  of  the  jar  ;i  when  it  ceafes, 
voiT  may  leave  off  turning,  and  conllder  the  jaras 
Charged.  This  done-  take  hold  of  the  difeharger 
by  the  middle,  and  apply  one. knob  to  the  outlide 
coating  near  the  bottom,  and  keeping  it  there,  put 
rhe  other  to  the  bail  pf  the  jar,  and  it  will  be  dif- 
charged  of  it’s  fire  with  a loud  fnap,  but  the  perfon 
who  holds  the  difeharger  fecU  nothing  from  the 


difeharge. 
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Now  charge  the  jar,  and  touch  the  outfidc 
coating  with  one  hand,  and  then  bring  the  other 
to  the  ball  of  the  jar,  you  will  then  adt  the  part 
of  the  wiredifeharger,  and  receive  a (hock;  it  has 
afFe(f^ed  you  through  your  arms  and  bread,  and  the 
phial  is  difeharged.  You  may  eafily  contrive,  by 
way  of  recreation,  to  render  the  furprife  occafion- 
cd  by  this  experiment  more  entertaining,  by  con- 
needing  a chain  with  the  outfide  coating,  and  con- 
cealing it  under  a carpet,  al^  the  fame  time  con- 
nedling  another  with  the  top,*  placing  it  in  fuch 
a manner,  that  a perfon  may  put  his  hand  upon 
it  without  fufpicion,  at  the  lame  time  that  his 
feet  are  upon  the  other  wire;  but  great  care  fliould 
be  taken  that  thefc  (hocks  are  not  too  drong,  and 
that  they  be  not  given  to  all  perfons  indiferimi- 

nately*  ' . ...  ' • 

Wheh  a fingle  perfon  receives  a diock,-  the 
company  is  diverted  at  his  foie  cxpence;  but  all 
contribute  their  diare  to  the  entertainm.ent,  and 
all  partake  of  it  alike,  when  the  whofe  company 
form  a circle  by  joining  their  hands,  the  perfon 
at  one  extremity  of  the  circle  touching  the  putdde 
coating,  while  he,  who  is  at  the  other  extremity 
touches  the*  ball  of  the  jar.  All  the  perfons  who 
form  this  circle  being  druck  at  the  fame  time,  and 
with  the  fanne  degree  of  force,  it  is  pleafant  to 
fee  them'  all  dart  at  the  fame  moment,  to  hear 
them  compare  their  fenfations,  and  obfcfYc  the 
very  different  accounts  they  give. 

It  is  often  convenient,  fometimes  necedary,  to 
know  the  date  of  a jar  with  refped:  to  the  charge; 
Mr.  HenJy’s'  quadrant  electrometer  is.  the  bed  in- 
drument  yet  kn^wn  for  that  pur  pole.  It  condds, 
Jj^.  iqy'pL  1 ^ perpendicular  dem  formed  at 
top  like  a ball,  and  furnidied  at  it’s  lower  end 
' ' • - Z 3 with 

* This  may  be  cotivcnicntly  done  by  what  is  called  a medical 
E.le£lrotncter4 
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with  a hrafs  ferril  and  pin,  by  which  it  may  be 
fixed  in  one  of  the  holes  of  the  Condhdor,  or  at  the 
top  of  a Leyden  bottle.  To  the  upper  part  of  the 
ftem,  a graduated  ivory  femicircic  is  fixed,  about 
the  middle  of  which  is  a brafs-arm  or  cock,  to 
fupport  the  axis  of  the  index.  The  index  conlifts 
of  a very  flender  ftick,  which  reaches  from  the 
center  of  the  graduated  arch  to.  the  brafs  ferril ; 
and  to  it’s  lower  extremity  is  faftened  a fmall  pith 
ball  nicely  turned  in  the  lathe.  When  this  elec- 
trometer is  in  a perpendicular  pofition,  and  not 
eleclrified,  the  index  hangs  parallel  to  the  pillar; 
but  when  it  is  eledb  ifted,  the  index  recedes  more 
or  lefs  according  to  the  quantity  of  eled:ricity. 

Of  the  Theory  of  the  Leyden  Bottle. 

I fhall  now^  endeavour  to  explain  to  you  the 
theory  of  this  myfterious  bottle  ; and  you  will  there 
fee,  that  the  eledlric  powers,  when  in  equilibrio,  do 
really  condenfe  each  other;  and  that  one  power 
always  expands  in  proportion  as  the  action  of  the 
other  is  withdrawn,  or  in  proportion  to  the  in- 
creafe  of  one  power,  and  the  diminution  of  the 
other  ; and  that  when  the  bottle  is  charged,  it  is 
equally  eleclrified  on  both  fides,  but  with  different 
powers  of  eleftricity  ; and  when  a communication 
is  made  by  a condudlor,  the  increafed  power  on 
the  outfide  flies  in,  and  the  increafed  power  with- 
in flies  out,  to  make  the  powers  equal  within  and 
without. 

Place  a Leyden  bottle  upon  the  infulatcd  ffand, 
form  a communication  between  it  and  the  con- 
ductor, give  the  machine  a few  turns,  and  both 
fides  of  the  bottle  zvill  be  eleClrified  zvilh  the  vitreous 
pozvery  as  you  may  eaflly  prove,  by  touching  them 
with  down  or  a fmall  ball  fufpended  by  filk  ; for 
when  this  is  eleCtrified  by  touching  the  outfide,  it 
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\vill  be  alfo  repelled  by  the  bail  which  communi- 
eates  with  the  infidc. 

Place  an  infulated  bottle  fo  that  the  ball  may 
communicate  with  the  conductor ; let  a wire  alfo 
be  connetfbed  with  the  coating,  fo  as  to  form  a 
communication  with  the  table.  Now  turn  the 
jchine,  and,  i.  On  applying  a cork  ball,  you  will 
not  find  any  figns  of  electricity  in  the  coating,  but 
you  will  find  the  ball  (or  inlide)  elcarified  with 
the  vitreous  powxr.  2.  Remove  the  wire  commu— 
nicating  with  the  table,  and  you  will  find  the  coat-^ 
iHg2i\[o  eleeftrified  with  the  vitreous  power;  and 
this  as  often  as  you  remove  the  wiie,  till  the  bottle 
is  full  charged.  3.  When  the  bottle  is  full  charged, 
remove  it’s  communication  both  with  the  con- 
diiftoT  and  tabic,  touch  the  coating,  and  the  cork, 
ball  will  remain  fufpended  by  it,  without  any  fign 
of  being  electrified ; then  touch  the  knob  of  the 
bottle  with  your  hand,  the  cork  ball  will  be 
.ftrongly  repelled  from  the  coating,  and  be  elec- 
trified with  the  refinous  power.  4.  Take  another 
cork  ball  fufpended  by  lilk,  and  touch  the  knob 
of  the  bottle  therewith,  and  the  cork  ball  will 
be  eledrified  with  the  vitreous  power  and  repelled. 
5.  Now  touch  the  coating  with  your  finger,  and 
the  cork  ball  will  be  repelled  much  further  by 
the  ball;  but  that  which  was  repelled  from  the 
coating,  now  flics  towards  it,  and  remains  at  reft, 
till  you  touch  the  knob  of  the  bottle  with  your 
finger  ; it  will  then  be  electrified  as  at  firfi,  and 
be  violently  repelled ; the  ball  wlrich  was  elec- 
trified by  the  knob  of  the  bottle  will  now-  fly  to- 
wards it.  This  change  in  the  extent  of  the  atmo- 
fphere  of  the  difl'erent  powers,  rakes  place  almofl 
inflantaneoLifly  as  often  as  you  touch  the  ball  or 
coating. 

Or  you  may  connect  the  knob  of  the  bottle  with 
thc  'condudor  by  a wire,  and  ilifpcnd  a cork  ball  1,0 
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touch  the  condudlor ; then  touch  the  coating,  and 
the  ball  will  be  repelled  from  the  condu^or, 
while  that  next  the  coating  is  atti-a<fled;  touch 
the  knob  of  the  bottle,  and  the  ball  will  be  repelled 
from  the  coating,  and  attraaed  by  the  conduc^r,  and 
fo  on,  as  often  as  you  touch  the  knob  or  coating. 

From  hence  it  feems  plainly  to  appear,  r. 
That  the  bottle  is  eledlrified  with  the  vitreous 
power  on  the  infidc,  and  the  relinous  on  the  out- 
^dc.'  2.  That  when  the  equilibrium  of  thefe  powers 
is  deftroyed  by  lefTening  the  quantity  of  one,  the 
extreme  part  of  the  other  expands  itfelf  into  an 
cxtenfive  atmofphere;  but  the  atmofphere  of  the 
lelTened  power  is  condenfed,  as  appears  by  the  cork 
balls  falling  clofc  to  the  condudlor  and  coating.' 
3*  It  remains  to  be  Ihewn,  how  thefe  powers 
came  to  be  thus  fituated  on  the  infide  and  outfide 
of  the  bottle,  qr  why  they  do  not  mix  through 
the  glafs  where  they  feem  to  have  the  greateft 
tendency  to  unite.  Here  it  will  be  neceflary  to 
conlider  the  feparation  of  thefe  powers  between 
the  globe  and  the  cufhion,  for  all  the  other  phe- 
nomena are  only  a confequence  of  the  feparation 
that  takes  place  between  thefe.  Now  the  cylinder 
parts  with  it’s  refinous  power  to  the  culhion,  in 
exchange  for  the  vitreous ; the  condudlor  in  like 
manner  to  the  globe,  and  the  infide  of  the  bottle 
to  the  conducflor ; and  fo  the  exchange  would  go 
on  with  the  next  conduefiing  fubflance,  but  that 
the  bottle  gives  fome  obflrud:ion  to  the  paffage  of 
the  electrical  powers;  by  which  means  the  vitreous 
pow'er,  which  pafTes  through  the  glafs  to  the  con- 
cluding fubflance  upon  the  outfide  of  the  bottle, 
is  carried  off  together  with  the  vitreous  power  of  the 
coating,  along  the  wife  w hich  communicates  with 
the  table,  in  exchange  for  an  equal  quantity  of 
the  refinous  power  brought  back  by  the  wire  to  the 
coating  of  the  bottle ; till  at  length  the  refinous 

powei* 
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power  on  the  outHde  is  able  to  counterballancc 
the  vitreous  power  on  the  infide,  and  thus  ai- 
fords  an  opportunity  for  drawing  off  the  reUnous 
powef  on  the  infide  of  the  bottle,  to  the  condudtor, 
Co  that  the  bottle  remains  a partition  between  the 
two  powers,  and  they  cannot  change  place  through 
the  peculiarly  conftrutfled  pores  of  the  glafs,  while 
their  furfaces  are  oppofed  in  fuch  quantities. 

For  w hen  the  jun(flion  is  made  in  the  open  air, 
or  when  their  furfaces  are  oppofed  in  any  quan- 

It  is  not  done  without  violence,  occafioning 
a loud  noife  and  a flafh  of  fire,  while  burfting 
through  to  meet  each  other  ; for  wherever  the  dif^ 
ferent  powers  unite  in  any  quantity,  they  are  muen 
condenfed. 

The  violent  convulfion  felt  through  the  body 
by  completing  a circle  with  the  hands,  is  -only 
occafioned  by  the  different  powers  paffing  in  op-* 
pofition  through  the  fame  nerves.  For' if  one 
perfon  touches  the  coating,  and  another  the.  top 
of  the  bottle,  the  bottle  will  be  difeharged  with^ 
•out  giving  either  of  them  the  fhock.  Now  it  is 
very  clear,  that  as  much  fire  paffed  through  cither 
of  them,  as  it  each  had  fi’igly  difeharged  the  bot- 
tle. But  in  this  cafe  the  fire  is  diffufed  through 
all  parts  of  the  body,  and  the  fire  brought  in,  is 
drawn  from  all  parts  of  the  body,  and  confequently 
the  nerve  cannot  be  fo  much  fliocked  as.  in  the 
form.er  cafe,  w'hen  all  the  fire  paffes  in  oppofitiotT. 
through  the  fame  nerves,  ^ 

’ f 

Experiments  illustrating  the  Theory  of  the 

Leyden  Phial. 

Charge  an  infulated  bottle,  remove  it  from 
the  condudoTj  and  let  a cork  ball  fufpended  by 
filk  hang  againfl  the  outfide  of  the  bottle  ; touch 
the  outfide  or  coating  with  your  fingcr>  the  ball 

will 
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•will  not  be  affeaed  ; but  touch  the  knob  of  the 
bottle,  and  the  ball  immediately  flies  off,  flrongiy 
eledtrified  with  the  reflnous  power;  and  thus  you 
may  go  on  for  a conliderable  time,  altering  the 
ballcince  ot  the  powers  within  and  without  fide  the 
bottle,  by  alternately  touching  the  top  and  the 
bottom  of  the  bottle.  The  defenders  of  Franklin’s 
fyftem  will  hardly  fay,  it  is  the  return  of  the  po- 
fitive  electricity  which  electrifies  the  ball  nega- 
tively. T.  he  fadt  is,  that  when  you  touch  the  top, 
you  take  a fpark  ol  the  vitreous  power  from  the 
inlide,  and  in  exchange,  give  as  much  of  the  re- 
finous  power  thereto by  this  means,  the  force  of 
the  vitreous  power  within  the  bottle  is  leflTened, 
which  leaves  the  reflnous  power  on  the  outfide-in 
greater  quantity,  than  the  vitreous  within  fide,  and 
confequently  at  liberty  to  exchange  with  any  non- 
cleClric  in  contaCl  with  it,  and  thus  the  ball  be- 
comes electrified  with  the  reflnous  power. 

Charge  a bottle  fully,  and  remove  the  wire 
from  the  table,  and  make  the  coating  communi- 
cate with  the  conductor  inftead  of  the  knob,  and 
then  turn  the  machine,  and  the  refinous  power 
wdth  which  the  coat  rg  is  cleClrificd  becomes 
covered  with  the  vitreous  pov  er,  and  you  may 
take  as  many  fparks  from  it  as  you  pleafe,  w'ithout 
making  any  change  in  the  charge  of  the  bottle  ; for 
when  you  flop  turning,  and  remove  the  communi- 
cation with  the  conductor,  and  touch  the  outfide 
of  the  coating  with  the  finger,  all  figns  of  the 
vitreous  power  dilaiqjcar;  atjd  when  the  circle  is 
completed,  the  bottle  is  difcharged  with  as  loud 
a report  as  it  would  have  done  before  you  applied 
the  conductor  to  the  coating  ; for  the  vitreous 
power  within  the  bottle  being  undiflurbed,  kept 
an  equal  quantity  of  the  rclinous  power  firmly 
fixed  to  the  outfide  of  the  bottle. 

But  the  calc  is  diflerent  when  you  give  the 

vitreous 
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vitreous  power  from  the  infide  an  opportunity  to 
efcape.  Thus  when  the  bottle  is  full  charged  as  be- 
fore, remove  the  Avire  that  communicates  with  the 
table,  and  bring  the  coating  in  connection  with 
the  conduihor;  after  a turn  or  two  of  the  cylin- 
der, take  a fpark  from  the  ball  of  the  bottle,  and 
you  will  find  that  it  will  fly  to  a conflderable  dif- 
tance,  often  double  ihc  diftance  you  can  draw  a 
fpark  from  the  condudor,  becaufe  the  vitreous  power 
covering  the  rclinous  power  on  the  coating,  IclTcns 
the  action  on  the  vitreous  power  within  the  bottle, 
and  therefore  leaves  that  power  greater  freedom  to 
flv  olf ; but  as  you  go  on  taking  fparks,  they  gra- 
dually leffen,  becaufe  after  a few',  the  vitreous  power 
in  the  bottle  is  leflened,  and  • the  refinous  power 
within  increafed  by  the  quantity  received  in  ex- 
changee on  every  fpark ; and  thus  by  a few  fparks, 
the  bottle  is  dil^charged  ; but  if  you  go  on  to  take 
more  fparks,  the  bottle  will  be  re-charged  vyith  the 
reflnous  power  withinlide,  inflead  of  the  vitreous, 
with  which  it  w^as  before  charged. 

Again,  fuppofe  fifty  turns  of  the  cylinder  will 
charge  your  bottle,  turn  only  twenty-five,  and  then 
remove  the  communication  between  the  coating 
and  table,  and  as  you  turn  on,  ("whether  you  conti- 
nue the  communication  from  the  conductor  to  the 
top  of  the  bottle,  or  Ihift  it  to  the  coating,)  you 
will  find  the  bottle  eledrified  on  both  fides  with  the 
vitreous  power ; remove  the  bottle  from  the  con- 
ductor, and  then  difeharge  it  with  an  infiilated 
difeharger,  and  you  will  find  the  bottle  ftill  elec- 
trified, both  within  and  without,  with  the  vitreous 
power;  but  this  eleCfricity  will  difappear,  by 
touching  either  the  ball  or  coating  w'lth  your 
finger. 

'^0  illujirate  further  the  reciprocal  exchange  of 
the  eleBric  powers,  here  is  an  infulated  bottle  with 
a wire  proceeding  from  the  bottom,  at  right  an- 

glcs 
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glcs  to  which  is  a wire  for  receiving  a needle  with 
reverfed  points,*  make  the  top  of  the  bottle  commu- 
nicate with  the  condudor,  and  all  the  time  the  hot^ 
He  is  charging,  the  needle  will  turn;  but  W’hen  the 
bottle  is  charged,  the  needle  flops.  Then  touch 
the  top  of  the  bottle  wdth  your  finger,  or  any  con- 
dudlor,  and  the  needle  will  turn  till  the  bottle  is 
difeharged.  Now  while  the  bottle  is  charg- 
ing,  if  you  touch  the  needle  with  a piece  of 
bog-down,  or'  a cork  ball,  fufpended  by  filk,  you 
will  find  it  eledlrificd  by  the  vitreous  power,  w’hich 
flies  off  in  exchange  for  the  refinous  power  drawn 
in  from  the  air  to  the  outfide  of  the  bottle;  and 
while  the  bottle  is  difeharging,  if  you  apply  the 
down  or  ball  in  the  fame  manner  to  the  needle,  you 
will  find  them  electrified  with  the  refinous  power, 
which  flics  off  from  the  outfide  of  the  bottle  in  ex- 
change for  the  vitreous  power  drawm  in  through 
the  points  from  the  air;  while  the  vitreous  power 
from  the  iniidc  of  the  bottle  makes  the  fame  ex- 
change for  the  refinous  power  through  your  finger* 
to  make  thefe  diflerent  powers  equal  to  each  other, 
withinfide  and  withoutfide  the  bottle. 

Place  two  Leyden  bottles  on  an  eledlric  (land, 
with  their  coatings  in  contadf ; and  while  you 
charge  one  from  the  condudlor,  let  a perfon  on  the 
floor  touch  the  top  of  the  other  bottle  with  his  fin- 
ger ; you  will  find  the  firfl:  bottle  charged  with  the 
vitreous  power  infldc,  and  the  fccond  with  the  re- 
finous power  inlide.  Now.  the  exchange  here  is 
cvfdent ; for  while  the  refinous  power  from  the  in^? 
fide  of  the  firfl  bottle  changes  place  with  rhp  vi- 
treous thrown  in  from  the  condutffor,  th^  vitreous, 
from  the  coating,  changes  place  for  fp  much  of 
the  refinous  from  the  coating  of  the  fecond  bottle; 
and  the  vitreous  in  that  bottle  changes  place  for  fo 
much  of  the  refinous  power  drawn  ip  through  thp 
man  on  the.floor. 

^ . I charge  a Leyden  phial,  ^nd  fet  it  afidc  to  be 
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In  reacVincfs  to  afcertain  the  ftate  of  another.  I now- 
take  the  bottle  with  the  projeding  wires,  jig.  lo, 
p/.  I.  imfcrewirtg  the  ball  from 
mating,  and  fufpending  a pair  of  P>th  balls  there 
from.  ^ This  done,  I bring  the  knob  of  the  bottle 
to  the  condudor ; I work  the  machine,  and  the 
phial  will  charge  flowly,  and  the  balls  will  repel 
each  other  ; wi’i/f  I am  turning  and  the  bottle  char^- 
in-.  bring  the  knob  of  the  firft  bottle  towards  the 
balls,  and  they  will  be  repelled  thereby,  i his 
plainly  proves,  that  the  outfide  of  the  bottle  is 

eleSriJiedvitreouJly  while  it  is  charging,  thn  is,  with 

the  fameelecT:ricrty  as  the  infide. 

Let  us  difeharge  the  bottle  with  the  projed- 
ing wires,  and  charge  it  again  as  before,  and  you 
will  ftill  find,  that  zvhil/i  it  is  charging,  the  balls 
will  fly  from  the  knob  of  the  firft  bottle ; I ceafe 
turning,  and  the  balls  ceafe  to  repel  each  other, 
they  now  touch  each  other,  and  again  recede,  but 
with  a contrary  electricity,  for  they  are  now  at- 
traded  by  the  knob  of  the  firll  bottle.  This  fhews 
that  the  difference  between  the  two  Tides  cannot  ap- 
pear, while  they  are  charging,  or  while  vitreous 

eiedricity  is  forced  through  the  jar.  ^ 

' Let  us  now  difeharge  both  bottles,  in  order  to 

try  another  experiment,^to  determine  the  ftate  ol 

the  outffde  during  the  charge.  I lirft  put  the  bau 

on  the  end  of  the  wire  of  the  bottle  with  the  pro-. 

rcding-wircs,  bring  the  knob  thereof  to  the  con^ 

dudor,  holding  the  knob  of  the  firff  bottle  againlc 

the  coating  of  that  with  the  projeding  wires  ; by 

w'orking  the  machine,  both  will  be  charged.  As 

foon  as  they  are  .pretty  well  charged,  and  while  toe 

machirie  is  workings  remove  the  firff  bottle  from  the 

other  ; after  this  is  removed,  ccafc  working  the 

machine  as  foon  as  poffible.  I now  conne(^t,  by  a 

wire,  the  two  outfide  coatings,  and  bring  the  bads 

to  each  other.  If*  while  the  bottles  were  charg- 
; - - ■ ^ ' ing. 
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the  outfide  of  that  with  projcdling  wires  had 
been  refinou fly  electrified,  the  iniideof  the  fecond 
would  have  been  fo  aifo  ; and  on  their  being  thus 
brought  together,  both  bottles  would  be  difeharg- 
ed  ; but  this  is  not  the  cafe,  for  the  infides  of  both 
are  charged  wflth  the  vitreous  electricity,  the  coat- 
ing having  exchanged  powers  with  the  bottle 
charged  thereby.  This  experiment  fhews,  that  to 
confider  one  fide  of  a phial  to  be  pojitivey  and  the 
Oi.her  negative y at  the  tune  they  are  ebarging'y  is  er- 
roneous. 

The  criteiion  of  the  refinous  and  vitreous 
electricity,  as  determined  by  the  light  on  metal- 
lic points,  gives  full  evidence  in  favour  of  Mr. 
Eeles  s theory,  while  it  is  diretly  oppofed  to  that  of 
Dr.  Franklin.  For  you  will  here  find,  that  during 
the  time  that  the  bottle  is  charging,  the  outfide  ex- 
hibits the  fign  of  vitreous  eleelricity.  to  prove 
this,  I place  a pointed  wire  at  the  end  of  the  con- 
ductor, and  place  this  apparatus,  with  the  Aiding 
wires,  ii,  pi.  i,  on  one  of  the  infuiated  ftands, 
firfl:  removing  the  bottle  therefrom  ; I then  unferew^ 
the  balls  from  the^projedling  wires  of  the  remain- 
ing infuiated  bottle,  and  alfo  from  the  Aiding  wire, 
which  leaves  the  points,  that  were  under  the  bottle, 
expofed  and  ready  tor  our  operations. 

Things  being  thus  prepared,  I place  the  in- 
fuiated bottle,  fo  thap  the  point,  from  the  infide, 
may  be  about  half  an  inch  diflance  from  that  in 
the  conductor,  and  let  one  of  the  points  of  the 
Aiding  wire  be  at  the  fame  diflance  from,  andop- 
pofite  to,  the  point  projeding  from  the  outfide  of 
the  infuiated  bottle.  1 now  turn  the  machine,  and 
as  loon  as  the  charge  begins,  the  figns  of  the  elec- 
tricities are  vifible,  illuminating  the  points  of  the 
interrupted  circuit.  The  point  on  the  prime  con- 
dueflor  gives  the  brufli  or  fign  of  vitreous  elec- 
tricity ; the  fign  on  the  point  oppofed  to  it  on 
the  knob  of  the  bottle  is  refinous.  The  light 

from 


Of  Electricity. 


35^ 

from  the  wire,  that  projecfls  from  the  coating  of 
the  bottle,  is  the  brulhor  vitreous  ramified  light  j 
but  that  of  the  point  oppofed  thereto,  is  the  fiar, 
or  fign  of  refinous  elccftncity,  as  they  ought  to  be 
according  to  Mr.  Eeles’s  theory,  not  contrary  to 
the  kind  or  fource  of  eledricity  from  whence  they 
proceed,”  which  is  the  cafe,  on  the  principles  of 
the  Franklinian  theory.* 

Experiments  shewing  that  in  the  Discharge 
OF  THE  Leyden  Jar,  the  two  Electrici- 
ties RUSH  into  Union  from  opposite  Di- 
rections. 

The  three  firfi:  experiments  I fiiall  mention  to 
you,  w'cre  made  by  Mr.  Atwood,  of  Cambridge, 
and  are  defcribed  by  him  in  the  Analyfis  of  a 
courfeof  Ledlures,  which  he  read  at  Cambridge. 

He  nightly  charged  the  furfaces  of  an  eledlric 
infulated  plate,  and  difcharged  it  through  an  inier^ 
rupted  circuit,  (formed  of  needles  placed  in  a 
groove  of  wax,  the  diftance  between  each  needle 
was  very  fmall  ;)  the  two  powers  were  vifible,  on, 
the  difcharge  illuminating  the  points  of  the  inter- 
jrupted  circuit,  each  power  extending  further  from, 
the  furface  contiguous  thereto,  in  proportion  to  the 
ftrength  of  the  charge ; but  when  this  was  fuffi- 
ciently  flrong  to  make  the  illuminations  proceeding 
from  each  fide  meet,  there  was  an  explofion  of  the 
w’hole  charge.  The  length  of  the  interrupted  cir- 
cuit made  by  Mr,  A.  was  twelve  feet. 

Mr.  A.  charged  a cylindrical  plate  of  air^  un- 
der the  receiver  of  an  air-pump,  and  found  that 
the  more  the  air  was  exhaufied  from  between  the 
furfaces,  the  more  readily  and  cafily  the  powers 
united.^ 


♦ Read's  Summary  View  of  Spontaneous  Elcftricity, 8:  & 82* 
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He  made  an  exhaufled  receiver  part  of  the 
cledlric  ciicuit,  and  on  ufing  fuch  charges  as  were 
not  fufficient  to  form  an  explofion,  he  found  the 
cle^firic  light  proceeding  in  oppq/ite  dire5lions  from 
the  parts  communicating  with  the  vitreous  and  re- 
linous  furfaces. 

When  a Leyden  jar  is  charged  but  (lightly,  if 
)ou  touch  the  coating  with  a finger  of  one  hand, 
and  at  the  fame  time  bring  a finger  of  the  other  to 
the  knob  of  the  jar,  you  will  receive  a fmart  blow 
upon  the  tip  of  each  finger,  but  the  fenfation 
reaches  no  higher.  Charge  the  jar  a degree  higher, 
and  you  will  feel  a ftronger  blow,  reaching  to  the 
w rifts,  but  no  further.  W^hen  it  is  charged  fome- 
what  higher,  a fevere  blow  will  be  received,  but 
which  will  not  reach  beyond  the  elbows.  Laftly, 
when  the  jar  is  ftrongly  charged,  the  fhock  will 
be  perceived  at  the  wrifts  and  elbows,  but  the  prin^ 
cipal  blow  is  felt  at  the  bread,  as  if  a blow  from 
each  (ide  met  there.  This  plain  and  fimple  expe- 
riment of  Mr.  Symmers  obvioufly  fuggeds  the  exiji- 
enceof  two  currents  proceeding  in  contrary  dire^ions^ 
accords  with  thofe  of  Atwood  and  Volta,  * and  is 
in  dired  contradiction  to  that  afferrion  of  the 
P ranklinians,  ''  that  the  fame  quantity  of  eleCtric 
matter,  which  is  thrown  upon  one  of  the  furfaces 
ofglafs  in  charging,  is  driven  from  the  other,  and 
that  in  the  difeharge  this  accumulated  quantity  is 
redpred  to  the  deficient  furfacc.” 

When  ajar  is  charged  very  high,  eleBri- 
cittcf  will  often,  in  their  endeavours  to  unite,  force 
a hole  through  the  jar,  and  pufh  out  the  coating 
on  both  fides,  fometimes  melting  it  ; the  burr  of 
tinfoil  protruded  from  the  middle  of  the  glafs 
strongly  indicates,  that  the  two  eleclriciiies  meet  at 

the 
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vhe  middle  of  the  glafs ; * there  alfo  the  greateft 
effort  is  exerted. 

Mr.  Read  fays,  that  when  the  charge  for  melt- 
ing of  fine  wire  is  of  a proper  intenlity  to  melt 
it  into  fine  globules,  he  has  obferved  the  wire 
to  be  of  a paler  red  heat  in  the  middlcy  than  at  the 
extrsmitieSy  and  the  melting  to  begin  at  the  middle  ^ 
leaving  a portion  unmelted  at  each  end.  At  other 
times  (though  lefs  frequent)  the  wire  was  obferved 
to  be  of  a more  glowing  heat  in  two  parts,  and 
thele  were  generally  near  the  middle.  * Thefe  ef- 
fedts  clearly  Ifiew,  that  the  vitreous  and  refinous 
eledlricities  of^the  charged  jar,  met  in  great  force 
near  the  middle  the  wire,  which  is  diredtiy  con- 
trary to  the  leading  notions  of  Franklin’s  theory. 

The  remarkable  tendency  of  the  divided  fluids 
to  unite,  is  often  perceived  in  di  full  charged  Ley- 
den bottle,  at  the  upper  edge  of  the  outlide  coat- 
ing, and  at  the  edge  of  the  cork  on  the  neck  of  the 
bottle;  rays  of  light  darting  from  eachy  and  folicit- 
ing,  as  it  were,  an  union,  and  fometimes  forming 
an  adtual  circuit.  ‘ ^ 


The  same  Principles  conihrmed  b y the  Appear- 
ances OF  THE  Electric  Spark. 

The  cledlric  fpark  appears  of  different  colours 
according  to  it’s  denfityjwhen  it  is  rare,  it  appears 
^of  a blueifli  colour;  when  more  denfe,  it  is  purple; 
when  highly  condenfed,  it  is  clear  and  white,  like 
the  light  of  the  fun. 

The  middle  part  of  an  eledfric  fpark  often  ap- 
pears diluted,. and  of  a red  or  violet  colour,  w’hile 
the  ends  are  vivid  and  white  ; this  appearance  can- 
not be  accounted  for  by  the  theory  of  a fi'ngle 
fluid  moving  in  one  dirctliony  but  is  a proof  of  tveo 

VoL;  IV.  A a currents 

* Read  on  Spontaneous  Elcftricity,  &c.  p.  44, 
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currents  moving  in  oppofite  diredions  ; the  cledrrc 
ligns  growing  weaker  where  the  two  powers 
unite.  Mr.  Read  * has  well,  and  I believe  firlt 
obferved,  that  the  place  of  re-imion  is  much  lefs 
luminous,  and  in  fome  cafes  quite  dark;  and  that 
this  is  the  natural  effecT:  of  the  union  of  the  two 
eleclricities  ; at  that  point  the  diflindions  oiviire- 
ous  and  rejinous  ceafe,  and  there  the  eleclric  light 
vanilhes.  Thefe  appearances  are  beft  obferved,  by 
viewing  in  the  dark  a flrong  elecflric  fpark  palTing 
between  two  bodies,  electrified  with  contrary  elec- 
tricities. 

Though  the  appearances  of  the  eledlric  light 
on  a point  and  ball,  as  well  as  of  the  eledlric  fpark, 
are  fubjed;  to  many  variations,  yet  are  there  certain 
ligns  generally  peculiar  to  each  kind  of  electricity. 
For  inlfance,  if  the  relinous  part  of  a fpark  be  fmall, 
or  what  has  been  ufually  termed  the  luminous  glo- 
bule, then  the  middle  part  is  generally  of  a pur- 
plilh  colour.  When  ramified  rays  ilfue  from  the 
vitreous  parr,  then  the  refinous  is  more  extended, 
llretching  out  towards  the  vitreous.  When  the 
vitreous  and  refinous  electricities  firike  into  each 
other  in  denfe  light,  in  various  parts  of  the  inter- 
mediate fpacCj  then  their  exact  place  of  union  is 
generally  obfervable  by  a dark  fpot.  Mr.  Read, 
with  propriety,  confiders  the  lofs  of  light  in  any 
part  of  an  electric  fpark,  whether  total  or  partial, 
as  the  immediate  etfeCt,  and  conftant  figns  of  the 
re-union  of  the  two  eledric  ities. 

Mr.  Read  obferves,  that  whether  the  refinous 
light  alfuines  the  figure  of  an  oblong  flame ^ or  of  a 
luminous  globule,  in  either  cafe  the  vitreous  light  is 
fecn  to  approach,  and  unite  with  it  in  all  pcfiible 
diredions.  The  elfed  of  a vitreous  fiirface  appears 
to  extend  farther  than  that  of  a refinous  furface. 

The 

* Read’s  Summary  View  of  Spontaneous  Electricity,  p.  47,48, 
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Tjie  opposite  Directions  of  the  two  Electri- 
cities,  proved  by  the  Appearances  of  the 
Electric  Light  in  Vacuo. 

Though  I have  already  pointed  out  to  you 
forhe  experiments  in  vacuo,  that  illufbrate  this, 
point,  yet  thofe  of  Mr.  Read’s  are  fo  decilive, 
that  not  to  mention  them,  would  be  to  deprive 
you  of  eilential  information  on  this  fubjefl. 

For  thefe  experiments,  Mr.  Read  ufed  a glafs 
tube,  3 feet  7 inches  long,  furnidied  at  each  end 
with  brafs  caps,  one  of  the  caps  fitted  to  the 
plate  of  the  air-pump;  from  each  cap  a brafs  ware, 
on  which  was  a brafs  ball,  projecfted  within  the 
tube  ; wEen  this  tube  is  fufficiently  ratified,  the 
charge  of  a Leyden  phial  will  readily  pafs  through 
the  ratified  air. 

In  making  thefe  experiments,  you  muft  only 
fiightly  charge  your  Leyden  jar ; for  if  the  charge 
is  ftrong  enough  to  force  the  whole  contents  fwift- 
ly  through  the  rarified  air,  the  motion  of  the  fluid 
is  too  rapid,  and  the  light  too  refplendent  to  per- 
mit an  exacl  obfervation  of  it’s  appearance. 

On  making  the  difcharge  in  the  dark,  you 
will  perceive,  the  moment  the  circuit  is  formed 
for  that  purpofe,  a light  within  the  tube,  but 
chiefly  at  each  end.  Thefe  lights  are  of  the  con- 
trary kinds  of  eleflricity,  and  accord  with  the 
fide  of  the  bottle  to  which  they  are  connedled. 
You  may  fometimes  perceive  the  two  lights  to  have 
a manifefl:  tendency  to  meet  near  the  middle  of  the 
refifling  medium.  Mr.  Read  has  obfervcd  the  lio*ht 
within  the  tube  to  be  confiderably  diminifiied  in 
jplendor,  where  the  two  powers  unite,  and  fo  it 
ought  to  be  for  when  the  two  clcclricitics  unite, 
and  regain  their  natural  fiate,  they  lofe  their  liohr, 
for  It  ts  only  in  a divided  fate,  that  the  cletirical 
matter  ts  luminous;  the  fame  appearances  are  pro^ 
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duced  in  the  tube  by  the  fimple  fpark,  that  is,  the 
fQJttrary  eletlricities  are  obferved  at  each  end.* 

But  this  is  fliil  further  confirmed  by  a new 
obfervation,  and  decifive  experiment  of  Mr.  Read’s. 
He  fufpended  his  exhaufled  tube  in  an  horizontal 
direction,  by  filk  lines  from  the  ceiling;  f one  end 
was  placed  fo  as  to  receive. an  elcdtric  fpark  from 
the  condudor  of  his  machine,  at  half  an  inch  from 
the  other  end  ; there  was  a mctalic  communication 
with  the  earth. 

On  turning  the  machine,  the  tube  is  filled 
with  elcdric  light,  and  continues  fo  long  as  the 
adion  of  the  machine  is  continued.  Mr.  Read 
firfi:  obferved,  that  the  infiant  the  fupply  ceafes, 
the 'light  divides  near  the  middle  of  the  tube^  and 
flies  hack  to  the  ends  ; fully  evincing  the  truth  of 
Mr.  Eelcs’s  theory,  by  fhewing  that  the  light  zvith^ 
in  the  tube  is  not  ail  of  one  kind  of  electricity ; the 
tube  includes  both  electricities  in  one  appearance  of 
light;  the  moment  the  action  of  the  machine  is 
difccntinued,  the  afjiux  and  efllux  ceafes,  and  each 
eledricity  returns  to  it’s  own  place^  where  the  fe^ 
paration  firCt  commenced. 

To  afeertain  beyond  difpute,  that  the  light 
within  this  kind  of  exhaufied  tube  confided  of 
vitreous  and  refincus  light,  he  made  the  following 
experiment.  The  glafs  tube  was  fufpended  as  be- 
fore, and  two  Leyden  phials  in  an  horizontal  pofition, 
but  lying  on  glafs  hands,  were  placed  one  at 
each  end  of  the  tube,  with  their  metallic  knobs 
nearly  in  contad  with  the  metallic  caps  of  the 
glafs  tube.  In  this  difpofition  of  the  apparatus,  the 
coating  of  one  bottle  is  to  receive  a fpark  from 
the  prime  conductor,  and  the  coating  of  the  other 

a fpark 

* Read,  p.  51.  52,  53. 

+ It  is  more  convenient  to  inlulate  the  giafs  tube,  or  luminous 
condutior  by  glafs  pillars,  as  fig.  13,  pi.  1. 
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a rpark  from  the  metallic  comrnunication  with  the 
earth. 

On  turning  the  cylinder,  fparks  were  per- 
ceived to  pafs  in  the  four  intervals  of  air,  and  at 
the  fame  time  a luminous  appearance  within  the 
glafs  tube.  On  removing  the  bottles,  and  examining 
their  charges,  they  were  found  to  correfpond  with 
the  lights  within  the  tube,  to  which  they  were  op- 
pofed.  One  bottle  was  vitreoufly,  the  other  rclin- 
oully  eledrified."^ 

Thefe  experiments  clearly  prove,  that  there 
is  at  the  fame  time  one  power  a(^ting  from  within, 
towards  the  outfidc  of  a charged  Leyden  phial,  and 
another  power  a<n;ing  from  the  outlide  towards  the 
infide  of  the  phial ; and  thus  concur  w'ith  others 
in  fhewing,  that  eleiffricity  conliffs  of  two  dillinch 
politive  powers  acting  in  contrary  dirceftions,  and 
towards  each  other. 

Here  is  a coated  flafk  from  which  the  air  has 
been  exhaufted,  that  you  will  find,  on  trial,  to  illuf- 
trate  pleafingly  the  theory  of  electricity,  jig,  14, 

pL  I. 

From  the  experiments  on  the  theory  of  the 
Leyden  bottle,  I lhall  now  proceed  to  fome  enter- 
taining ones  with  the  fame  inflrument.  No  elec- 
trical experiments  anfwer  fo  well  the  joint  pur- 
pofes  of  pleafure  and  furprife,  as  thofc  that  arc 
made  with  the  Leyden  phial.  And  philofophers  are 
fo  far  from  laughing  at  the  ailoniflmient  of  the  ig- 
norant at  thefe  experiments,  that  they  cannot  help 
viewing  them  with  equal,  if  not  greater  aflonifli- 
ment  themfelves.  There  are  indeed,  as  Dr.  Prieftley 
has  obferved,  many  electricians  Itill  living,  who 
can  well  remember  th.e  times  when,  with  relpedl  to 

A a 3 thefe 

* Mr.  Eeles,  from  his  theory,  pointed  out  in  1758,  the  mode 
of  making  this  experiment,  and  foretold  what  would  be  the  re- 
lult.  f his  IS  only  one  among  many  inftanccs,  where  in  rcafoning  a 

he  has  pointed  out  relults,  that  the  Franklinians  of  the 
.day.  denied. 
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thefe  things,  they  themfelves  would  have  ranked 
among  the  lame  ignorant  and  flaring  vulgar. 

What  would  the  ancient  philofophers  have 
laid,  what  would  Newton  himfelf  have  faid,  to  fee 
.the  prefent  race  or  elecflricians  imitating,  in  mini- 
ature, all  the  known  effedls  of  lightning;  nay, 
elTaying  to  difarm  the  thunder  of  it’s  power  of 
doing  mifchief,  and  without  any  apprehenfion  of 
danger  to  themfelves,  drawing  lightning  from  the 
clouds  into  a private  room,  and  amufing  themfelv^es 
at  their  leifure,  by  performing  with  it  all  the 
experiments  that  are  exhibited  by  eledlrical  ma- 
chines ? 

One  cannot  indeed  confider  the  prefent  im- 
proved Hate  of  philofophy,  without  indulging,  with 
the  Rev.  Mr.  Jones,  a wifh  to  exhibit  to  the  wife 
men  and  heroes  of  ancient  times,  fome  of  thofe 
wonderful  improvements  which  are  now  fo  familiar 
to  us,  but  were  totally  unknown  to  them. 

I would  give,  fays  he,  to  Ariflotle,  the  elec- 
trical fhock  : I would  carry  Alexander  to  fee  the 
experiments  upon  Woolwich  Warren,  and  exhibit 
to  him  all  the  evolutions  and  firings  of  a modern, 
battalion  : I would  fhew  to  Julius  Csefar,  the  in- 
,\ader  of  Britain,  an  Englifh  man  of  war;  to  Archi- 
medes a Hearn  engine,  and  a refledling  telefcope."*^ 

Entertaining  elecfrical  experiments  are  not 
Avithout  their  ule,  for  they  even  give  philofophic 
minds  an  opportunity  of  viewing  "things  under 
diflerent  points  of  view,  and  often"  arreH  their  at- 
tention on  objeds  which  had  before  efcaped  their 
notice. 

To  Jlrike  a hole  through  a card.  Having  charged 
your  jar,  hold  a card  with  one  hand  dole  to  the 
coating  of  the  jar  near  the  bottom,  then  apply  one 
t:nob  of  the  difeharging  rod  to  the  card,  and  the 

other 
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otVicr  to  the  ball  of  the  bottle,  and  the  difcharge 
'will  pafs  through  the  card,  and  will  make  a hole 
through  it  with  a bur  on  each  fide,  of  which  1 
fhall  take  more  notice  hereafter;  it  will  have  a 
ftrong  fulphureous  fmell. 

If  the  experiment  be  made  with  twm  cards 
inftead  of  one,  (the  cards  mult  be  placed  but  at  a 
very  fmall  diftance  from  each  other)  each  of  the 
cards,  after  the  explofion,  will  be  found  pierced 
with  one  or  more  holes,  and  each  hole  will  have 
burs  on  both  furfaces  of  the  card. 

To  ftain  papevy  you  muft  lay  a chain  upon  a 
fhcet  of  white  paper,  and  pafs  a (liock  through  it ; 
the  paper  will  be  found  to  be  ftained  with  a black- 
ifh  tinge  at  every  juncture  of  the  links.  If  you 
make  this  experiment  in  the  dark,  a fpark  with  a 
kind  of  radiation  will  be  feen  at  each  jundturc  ; 
and  the  chain  will  appear  illuminated  like  a line 
of  fire;  an  iron  chain  anfwers  bell;  the  purpofe. 

You  may  alfo,  by  the  difcharge,  glafs  with 
gold  leaf;  for  this  end,  take  two  flips  of  common 
window  glafs,  each  about  an  inch  broad,  and  3 or 
4 inches  long  ; then  take  a narrow  flip  of  gold  or 
filver  leaf,  and  put  it  between  the  glafies  length- 
wife,  letting  the  ends  of  the  leaf  hang  half  an  inch 
without  the  glafies  at  each  end  ; place  the  glafies 
in  the  fmall  wooden  prefs,  and  fix  them  there  by 
a gentle  prefTure,  and  then  lay  them  down  on  the 
table,  fo  that  one  end  of  the  metal  leaf  may  be  in 
contad:  with  the  coating  at  the  bottom  of  the  jar; 
and  when  the  jar  is  charged,  put  one  end  of  the 
difeharged  rod  upon  that  part  of  the  leaf  that  lies 
without  the  glals,  which  is  farther  from  the  jar, 
and  apply  the  other  end  of  the  difcharger  to  the 
top  of  the  jar,  and  the  fiuid  will  pafs  through  the 
metal  leaf;  and  when  the  glalfcs  are  taken  afun- 
dcr,  you  will  find,  that  the  leaf  has  been  actually 
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melted  by  the  elcftric  lightning,  and  driven  into 
the  very  fubltance  of  the  glafs. 

A pane  of  glafs,  coated  on  each  fide,  the 
coating  being  every  where  about  two  inches  from 
the  edge,  with  a pidure  pafted  on  the  upper  fide 
and  put  into  a frame,  is  called  the  maJc  piElure  - 
one  line  of  tinfod  that  goes  from  the  coating  of  the 
iindef  lide,  is  made  to  communicate  with  the  bottom 
of  the  frame  ; the  back  edge  of  the  bottom  rail  and 
the  frame  is  covered  with  tinfoil.  Set  the  face  of 
the  pidure  againft  the  ball  of  the  condudlor.  and 
turn  the  machine.  Then  take  it  away,  and  hold- 
ing It  in  an  horizontal  pofition  by  the  top  of  the' 
frame,  lay  a fmall  piece  of  money  upon  the  head. 
You  may  then  defire  any  perfon  to  take  hold  of  the 

frame  with  one  hand,  and  to  take 
oil  the  piece  ol  money  wdth  the  other  ; in  attempt- 
ing to  do  this,  he  will  fail  of  his  deiign,  for  the  mo- 
ment he  touches  the  money  he  will  receive  a ftrong 
fliock.  You  muft  continue  to  hold  the  Irame  all  the 
while,  and  \vill  have  nothing  to  fear,  becaufe  none 
oftne elebti  ic  virtue,  with  w'hich  thepidlurc  is  charg- 
ed, can  come  to  you,  as  you  are  notin  the  circuit. 

This  botticallcd  is  the  fpotied  boltlcy  becaufe 
it  is  only  coated  with  fmall  pieces  of  tinfoil,  placed 
at  a little  dihance  from  each  other;  charge  this  bot- 
tle in  the  ufiial  hianner,  and  you  will  fee  llrong  fparks 
of  eledlricity  fly  from  one  fpot  of  tinfoil  totheother,< 
rnaking  the  paifage  of  the  fluid  on  the  outfide  very 
vifiblc.  Dilcharge  this  bottle,  by  bringing  a point- 
ed w ire  gradually  near  the  knob,  and  the  uricoated 
part  of  the  glafs  between  thefpots  will  bepleaflng- 
ly  illuminated,  and  the  noife  wdll  relemble  that  of 
Imail  fired  crackers.  Il  the  jar  is  difeharged  fud- 
dcnly,  the  outfide  furface  appears  illuminated.  To 
produce  thefe  appearances,  the  glafs  muft  be  very 
dry.  ■ 

Hold  a phial  in  the  hand  which  has  no  coat-. 
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ihg  on  the  out  fide,  and  prefent  it’s  knob  towards 
an  ckdrified  condudor;  the  fire,  while  it  is  charg- 
ing, will  pafs  from  the  outfidc  to  the  hand,  in  a 
pleating  manner;  on  the  difeharge,  beautiful  ra- 
mifications will  be  feen  upon  the  uncoated  part  of 

the  jar.  ^ 

By  fetting  fire  to  fome  tov/  in  a tin  hoiife,  you 
have  a reprefentation  of  that  awful  appearance,  a 
houje  inflames.  To  make  this  experiment  fucceed, 
take  a piece  of  foft  tow,  dry  it  well,  and  then  rub, 
or  fill  it  pretty  well  with  rofin,  and  place  it  be- 
tween the  balls  in  the  infide  of  the  houfe  ; the  balls 
iliould  not  be  far  afunder,  nor  the  charge  too  high ; 
conned  the  hook  at  the  bottom  of  the  houfe,  with 
the  bottom  of  the  jar;  let  the  top  of  the  jar  be 
connecled  with  the  condudor,  and  when  it  is 
charged,  put  one  ball  of  the  jointed  difeharger  on 
the  conductor,  and  bring  the  other  down  upon  the 
ball  above  the  houfe ; the  cxplofion  will  fet  the 
tow  on  fire,  whofe  flames  wull  pafs  through  the  win- 
dows, and  make  the  houfe  appear  like  one  on 
fire. 

You  may  pleafingly  illuflratc  the  nature  of  the 
Leyden  phial,  by  fufpending  two  fets  of  bells 
therefrom  ; one  fet  conneded  w ith  the  infide,  the 
other  with  the  outlide;  fee  7/^.  16, />/.  i.  Hook 
up  the  chain  from  the  bells  communicating  with 
the  infide,  that  they  may  have  no  connedion  with 
the  table ; charge  the  bottle  in  the  ufual  manner; 
during  the  charge,  the  fet  fufpended  from  the  out- 
fide  will  continue  to  ring.  After  the  bottle  is 
charged,  unhook  the  wire  of  the  bells  fufpended 
from  the  infide.  Touch  now  the  wire  A,  and  the 
bells  will  ceafe  ringing,  but  the  other  fet  will  be- 
gin to  ad;  take  the  linger  from  A,  and  apply  it  to 
B,  and  the  bells  at  1^  will  be  quiet,  while  rhofe  at 
A will  be  fet  in  morion,  and  lo  on  altcniaicly,  till 

the  bottle  is  difdiarged, 
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Experiments  with  the  Electrical  Battery. 

The  moft  formidable  part  of  the  eledlrical  ap- 
paratus is  the  6l6^TicG,l  h utt cYy y that  is,  a number 
of  jars  conneded  together  in  a box  ; the  bottom 
of  the  box  is  covered  with  tin-foil ; from  thefe  a 
hook  projeds  on  the  outfide  of  the  box,  by  which 
«ny  fubllance  may  be  conneded  with  the  out- 
fide of  the  jars;  their  infides  are  all  conneded  by 

With  a battery  you  may  perform  a great 
number  of  vxry  furpriling  and  interefling  experi- 
ments; and  though,  if  very  large,  it  be  a formida- 
ble appendage  to  an  eledrical  machine,  and  ought 
alv'ays  to  be  ufed  with  caution,  yet  it  cannot  be 
faid,  that  the  apparatus  of  an  eledrician  is  com- 
plete without  it;  it’s  effeds  in  rending  various  bo- 
dies, in  firing  gunpowder,  in  melting  wires,  and 
in  imitating  all  the  effeds  of  lightning,  never  fail 
to  be  viewed  with  affoniffiment. 

There  is  fome  caution  neceffary,  in  the  ufc 
and  management  of  a battery,  and  you  fhould  be 
careful  never  to  make  part  of  the  circuit,  and  to 
prevent  thofe  that  are  feeing  the  experiments 
touching  the  battery,  or  approaching  too  near  to 
any  part  of  the  apparatus  ; the  quadrant  eledrome- 
ter  fhould  be  always  ufed  with  it;  it  is  beft  to 
place  it  upon  the  ball,  which  unites  the  internal 
wires,  but  it  fliould  always  be  elevated  two  or  three 
feet  aboye  the  ball.  A battery  cannot  be  charged 
fo  high  in  proportion,  as  a lingle  jar  ; the  quadrant 
eledrometer,  therefore,  never  rifes  fo  high  as  90 
degrees,  feldom  higher  than  to  60  or  yo  degrees, 
more  or  Icfs,  in  proportion  to  the  fize  of  the  batte- 
ry, and  the  lorce  of  the  machine.  I muff  obferve 
to  you  here,  that  if  one  jar  in  your  battery  be  broke, 

yoa 
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you  muft  remove  the  broken  jar,  before  the  reft  can 
be  charged. 

Mr.  Atwood  made,  with  his  battery,  a very  cu- 
rious experiment  on  the  perforation  of  paper  by  the 
elebJric  fluid ; combined  with  thofe  that  I ftiall  af- 
terwards relate  to  you,  you  uill  find  it  prove,  with 
great  clearnefs,  the  exiftence  and  acftion  of  the  two 
electric  powers. 

He  fufpended  a quire  of  paper  by  a line,  in 
the  manner  of  a pendulum,  from  a convenient  al- 
titude, fo  that  it’s  plane  might  be  vertical.  The 
largeft  charge  from  a battery  was  pafled  through 
it,  while  quiefeent  in  an  horizontal  direeftion  per- 
pendicular to  the  plane,  the  rods  ol  communication 
not  touching  the  paper;  the  phenomena  were,  Jirfl^ 
the  aperture  mentioned  in  the  leaves,being  protrud- 
ed both  ways  from  the  middle:*  fecond^  not  the 
fmalleft  motion  was  communicated  to  the  paper 
from  the  force  of  the  difeharge. 

A quire  of  the  thickeft  and  ftrongeft  paper 
was  made  ufe  of  for  this  experiment,  the  height 
from  which  it  was  fufpended  fixteen  feet.  It  is 
an  extraordinary  appearance  on  the  hypothefis  of  a 
ftngle  electric  fiuici,  that  a force  fufticient  to  pene- 
trate a folid  fubftance  of  great  tenacity  and  cohe- 
ftve  force,  fhoiild  not  communicate  the  fmalleft 
motion  to  the  paper,  when  a breath  of  air  would 
caufe  fome  feniible  vibration  in  it.  But  the  other 
phenomenon, i.e.  the  oppofite  direction  in  which  the 
leaves  are  protruded,  tends  very  much  to  Jlrengthen 
the  opinion  of  tueo  oppoflif  currents  ; indeed  when 
the  two  fadls  are  taken  together,  it  is  fcarcely  pof- 
fible  to  reconcile  the  hyyothclis  of  a ftngle  power 
wdth  matter  of  iadf. 

Mr. 

* The  bur  of  the  paper  pointed  one  way  on  one  fide,  and 
the  oppofite  way  on  the  other  tide,  as  if  the  hole  had  been  made 
in  the  quire,  by  drawing  Iw’O  threads  through  it,  in  a contrary 
’direction, 
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Mr.  Symmer  placed  in  the  middle  of  a paper 
book,  of  the  thicknefs  of  a quire,  a Hip  of  tin-foil  • 
in  another  of  the  fame  thicknefs  he  put  two  flips’ 
of  tin-foil,  including  the  two  middle  leaves  bc^ 
tween  them- ; upon  pafling  the  eledric  ftroke 
through  them,  he  found  the  following  effeds.  In’ 
the  firlf,  the  leaves  on  the  fide  of  the  foil  were  pierced 
'vvhile  the  foil  itfelf  remained  unpierced;  but  at 
the  fame  time  he  could  perceive,  that  an  impref- 
fion  had  been  made  on  each  of  it^s  furfaces,  at  a 
fmall  diflance  from  each  other;  fuch  impreflions 
were  ftill  more  vifible  on  the  paper,  and  might 
be  traced  as  pointing  different  ways.  In  the  fe- 
cond,  all  tne  leaves  of  the  book  were  pierced, 
excepting  the  two  holes  that  were  between  the 
flips  of  foil,  and  in  thefe  two,  inflead  of  holes, 

the  two  impreflions  in  contrary  direaions  were 
vifible. 

When  a quire  of  paper,  without  any  thing 
between^  the  leaves,  is  pierced  by  the  eledrical 
firoke,  the  two  powers  keep  in  the  fame  track,  and 
maRe  but  one  hole  in  their  paflage  through  the 
paper;  not  but  that  the  pow'cr  from  above,  or  that 
liom  below,  fometimes  darts  into  the  paper  at  tw'o 
or  more  dilferent  points,  making  fo  many  holes; 
but  thefe  generally  unite  before  "they  go  through 
the  paper.  I hey  feem  to  pafs  each  other  about 
the  middle  of  the  quire,  for  there  the  edges  are 
mofl:  vifibly  bent  dijjcrent  ^aoays;  whereas,  on  the 
leaves  near  the  putlidc,  the  holes  very  often  carry 
more  the  appearance  of  a power  iffuing  out,  than 
of  one  darting  into  the  paper. 

When  any  thin  metallic  fubftance,  fuch  as  gilt 
leaf,  01  tin-foil,  is  put  between  the  leaves  of  thd 
quire,  and  the  whole  is  flruck;  the  counterading 
powers  diviate  from  the  dired  track,  and  make  their 
w'ay  in  dilferent  lines  to  the  metallic  body,  and  flrike 
k in  two  diiierent  points  diflant  from  one  another, 

about 
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jibout  i of  an  inch,  more  or  lefs  ; .the  diftance  ap- 
pearing to  be  generally  Icfs  when  the  power  is 
greatcil;  and  whether  they  pierce  or  only  make 
imprclFions  upon  it,  they  leave  evident  marks  oj 
motion  from  two  dij}ere7it  parts,  a7id  in  two  con-- 
Jrary  directions. 

When  two  fl'ipsof  tin-foil  are  put  into  the  .mid- 
■dle  of  the  quire,  including  two  or  more  leaves  be- 
tween them,  iftheele61ricity  be  but  weak,  thecountei— 
atfting  powers  only  ftrike  againh  the  flips,  but  leave 
an.impreilion  ; itthelhock  be  (Ironger,  one  of  the 
flips  is  pierced,  but  feldom  both  ; and  it  appear- 
ed in  general  to  Mr.  Symmer,  that  the  power 
which  ilfued  from  the  outfide,  ads  with  greater 
force,  than  that  which  proceeded  from  within. 

"To  break  thick  pieces  of  glafs.  Place  a thick 
piece  ot  glafs  on  the  ivory  plate  of  the  univerfai 
difeharger,  7^0-.  15,  p/.i,  and  a thick  piece  ot  ivory" 
on  the  glafs,  on  which  a weight  from  one  to  feven. 
.pounds  is  to  be  placed  ; take  olt  the  balls  a,  b,^ 
bring  the  points  of  the  wires  againlf  the  edge  ot 
the  glafs,  and  pafs  the  difeharge  through  the  wires, 
by  conneding.-one  of  the  wires  with  the  hook  ot 
the  battery,  and  forming  a communication,  when 
-the  battery  is  charged,  from  the  other  wire  to  the 
ball.  By  this  operanon  the  glafs  will  be  broken, 
nnd  -feme  part  of  it  fluvered  to  an  impalpable 
qaowder.  When  the  piece  of  glafs  is  thong  enough 
to  retift  the  thock,  the  glals  is  often  marked  by 
the  explotion  with  the  molt  lively  and  beautiful 
colours. 

Place  a piece  of  very  dry  white  yyood  between 
the  balls  of  the  univerfai  difeharger,  the  fibres  ot 
the  wood, to  be  in  the  fame  dircdhon  with  the 
wires,  pafs  the  Ihock  through  them,  and  the  wood 
will  be  torn  to  pieces ; or  run  the  points  into  the 
-wood,  and  then  pafs  the  fliock  through  them. 

To  ?nelt  wires  by  the  electrical  fluid,  you 

ought 
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ought  to  have  a battery  containing  a;  Jcaft  io 

y°'’  then  con- 
nedt  the  outfide  coating  with  a wire  of  about  ~th 

r '^‘‘''";«er,  and  from  12  to  24  inches 

n °'^her  end  of  the  wire  to  one 

Thf.  ^ u’®  ^^'^<^ltarging  rod ; on  making 

the  d.fcharge,  the  wire  will  become  red  hot,  then 
melt  mid  fall  upon  the  floor  or  table  in  glowing 
globules.  Soiwtimes  the  fparks  are  thrown  to  a 
tonliderable  diftance,  if  the  force  of  the  battery 

be  very  great,  they  will  be  entirely  difperfed  by 
the  explofion.*  ^ •' 
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LECTURE  XLVIII. 

On  Lightning,  and  the  Usefulness  of  Metal- 
lic Conductors  to  defend  Buildings  from 
it"s  Effects. 


Nothing  can  be  more  natural  than  to  pafs 
from  the  eledirical  battery  to  lightning  itfeif, 
for  the  former  feems  to  be  more  than  an  imita- 
tion; it  is  nature  invefted  with  her  own  attire.  The 
light  and  found  accompanying  thefe  phenomena, 
when  exhibited  on  the  great  fcale  of  nature,  are 
indeed  fo  awfully  fublime,  that  we  can  fcarce  with 
propriety  refledl;  on  the  weaknefs  of  rhofe,  who,  in 
ages  lefs  informed,  fuppofed  it  to  be  the  immediate 
miniher  of  vengeance  from  an  angry  Deity.  They 
are  now  more  rationally  confidered,  as  the  natural 
means  of  rehoring  a neceffary  equilibrium;  the 
rough  dil’cords  of  nature  productive  of  general  har- 
mony. 

The  phenomena  of  lightning  are  always  fur- 
prifing,  and  fornetimes  terrible  ; there  is  no  ap- 
pearance in  which  there  is  more  diverfity,  no 
two  flafhes  being  obferved  exadly  fimilar  to  each 
other. 

On  a fummer’s  evening,  it  may  often  be  per- 
ceived to  play  among  the  clouds  ; this  kind  is 
quite  inoftenfive,  and  is  not  accompanied  with 
thunder. 

When  the  lightning  is  accompanied  with 
thunder,  it  is  w'cll  defined,  and  has  generally  a zig- 
zag form ; fornetimes  it  only  makes  one  angle  like 

the 
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■the  letter  V,  fometimes  it  appears  like  the  arch 
of  a circle.  But  the  nioh  formidable  and  dehruc- 
tive  form^  which  lightning  is  ever  known  to  affume, 
is  that  ot  halls  of  jire.  The  motion- of  xhefe  is  very 
often  ealily  perceptible  to  the  eye,  but  wherever 
they  fall,  much  mifchief  is  the  rcfult  of  their  ex^ 
plolion.  The  next  to  this,  in  it’s  dellrublive  effects, 
IS  the  zig-zag  kind ; for  that  fpccies,  whofe  flafhes 
are^  indiltind:,  and  whole  form  cannot  be  calily 
oblerved,  is  feldorn  known  to  do  much  hurt.  You 
rnay  conlider  the  colour  of  lightning  as  an  indica- 
tion of  it’s  power  to  do  mifchief,  the  palelt  and 
brightefr  fiaihes  being  moll  dellru6tive. 

1 here  feems  to  be  a kind  ot  omniprefent  prooerty 
in  the  ziz-  zag  kind  of  lightning  when  near.  If 
two  perfons  are  Handing  in  a room,  looking  dif- 
ferent w^ays,  and  a loud  claj:)  of  thunder  happens, 
accompanied  with  the  ziz-zag  lightning,  they  will 
both  diftinclly  fee  the  fiafli,  not  only  by  that  in- 
diftindl  kind  ot  illumination  of  the  atmofphere, 
which  is  occafioned  by  lire  of  any  kind,  but  the 
.very  form  of  the  lightning  itfelf,  and  every  angle 
it  makes  in  it’s  courfc  will  be  as  dillindlly  percep- 
tible, as  though  they  had  looked  direclly  at  the 
cloud  from  whence  it  proceeded.  It  a perfon  was 
at  that  time  to  be  looking  on  a book,  or  other  ob- 
ject which  he  held  in  his  hand,  he  would  diftindtly 
fee  the  form  of  the  lightning  between  him  and 
the  objedl.  This  property  feems  peculiar  to  light- 
ning. 

The  effeds  of  lightning  arc  generally  confined 
within  a fmall  fpacc  ; and  are  fcldom  fimilar  to 
thole  which  accompany  explolions  of  gunpowder, 
or  of  inflammable  air  in  mines.  Initances  of  this 
kind,  however,  have  occurred  ; the  following  is 
one  of  the  moll:  remarkable  of  which  we  have  any 
diflindt  account  : Auguil  2,  1763,  about  fix  in 

the  evening,  there  arofc  at  Andcriight,  about  a 

league 
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’icague  from  Ikufil’Ls,  a conflivfl  of  icvciai  winds 
borne  upon  a thick  log.  Ihis  conflict  kutcd  foui 
or  live  minutes,  and  was  attended  vvith  a fnghtlul 
hilling  noife,  which  could  be  compared  to  nothing 
but  the  yellingsof  an  infinite  number  of  wild  beafts. 
The  clould  then  opening,  difeovered  a kind  ot 
very  bright  lightning,  and  in  an  inftant  the  roofs 
of  one  lide  of  the  houfes  were  carried  off  and  dif- 
perfed  at  a diltance ; above  looo  large  trees  were 
broke  off,  forae  near  ihe  groiindy  others  near  the 
t-opy  fomc  torn  up  by  ihe  roots  ; and  many  both  of 
the  branches  and  tops  carried  to  the  diltance  ot 
6o,  100,  or  i20  paces;  whole  coppices  w’ere  laid 
on  one  lide,  as  corn  is  by  ordinary  winds.  The 
glafs  of  the  windows  \\  hich  were  moft  expofed  was 
Ihivered  to  pieces.  A tent  in  a gentleman’s  gar- 
den was  carried  to  the  diflance  of  4000  paces  ; and 
a branch  torn  from  a large  tree,  Itruck  a girl  in. 
the  forehead  as  fhc'was  coming  into  town,  at  the 
diflance  of  40  paces  from  the  trunk  of  the  tree, 
and  killed  her  on  the  fpot.” 

Thunder-florms  will  femetimes  produce  mofl 
violent  whirlwinds,  fuch  as  are  by  feme  philo- 
fophers  attributed  to  clecflricity  ; nay,  even  occa- 
lion  an  agitation  of  the  waters  of  the  ocean  itfelf ; 
and  all  this  too  after  the  thunder  and  linhtninF 

O 

has  ceafed.  Of  this  we  have  the  following  in- 
flances.  Great  Malvern,  October  16,  17-61.  On. 
Wednefday  lafl  wc  had  the  mofl  violent  thunder 
ever  know  n in  the  njemory  of  man.  At  a quarter 
pafl  four  in  the  afternoon,  they  w ere  furprifed  with 
a mofl  fl'iocking  and  di final  noife  ; 100  forges 
all  at  work  at  once,  could  fcarce  equal  it. 
Upon  the  fide  of  the  hill  about  400  )’ard£  to  ihc 
fouth-weft,  there  appeared  a prodigious  fmoke, 
attended  with  the  lame  violent  nolle,  as  if  a vol- 
cano had  burfl  out  of  the  hill  ; it  foon  dd'cendcd, 
and  pafled  on  within  about  ico  yards  of  the  foiith 
V.oL.  IV.  B b end 
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end  of  the  hoiife ; it  feemed  to  rife  again  in  the 
meadow  juft  below  it,  and  continued  it’s  progrefs 
to  the  ealt,  rifing  in  the  fame  manner  for  four  dif- 
ferent times,  attended  with  the  fame  difmal  noife 
as  at  firll  ; the  air  being  filled  with  a naufeous  and 
fuIphureoLis  fmell  ; it  gradually  decreafed  till  it  was 
quite  exringuifhed  in  a turnip  field,  about  a quar- 
ter of  a mile  below  the  houfe  ; the  turnip  leaves, 
with  leaves  of  trees,  dirt,  fticks,  &c.  filled  the  air, 
and  flew  higher  than  any  of  thefe  hills.  The  thunder 
ccafed  before  this  happened,  and  the  air  foon  af- 
terwards became  calm  and  ferene.” 

Lightning  is  in  the  hands  of  nature,  what  elec- 
tricity is  in  our’s  ; the  wonders  we  now  exhibit  at 
pleafure  arc  little  imitations  of  thofe  great  effeefs 
which  frighten  and  alarm  us,  they  feem  to  depend 
on  the  fame  mechanifm  ; the  fame  properties,  the 
zig-zag  fparks,  their  flmilar  action  on  conduding 
fubftances,  the  power  of  rending,  inflaming,  and 
difperfing  in  every  diredion  the  fubftances  on 
which  it  ads  with  power,  the  giving  polarity  to 
ferruginous  matter,  &c.  all  concur  to  fhew  their 
identity.  But  independent  of  thefe  fimilarities,  the 
thing  is  proved  by  the  plaineft  and  clcareft  evi- 
dence; w hen  the  atmofphere  is  charged  with  thun- 
der clouds,  we  can  by  an  eleBrical  kite  draw  from 
it  the  matter  of  lightning,  and  with  this  matter 
perform 'every  knowm  eledrical  experiment. 

You  have  feen,  that  the  eledric  powers  never 
become  fenfible  to  us,  except  when  they  are  fe- 
parated,  and  then  chiefly  in  their  pafTage  from  one 
body  to  another  in  oppofite  diredions  ; and  that- 
an  equal  quantity  of  a different  p'wer  muff  be  con- 
duSied  from  the  earth  to  the  cloudy  to  produce  light- 
vdn^.  There  muft  be  the  fame  reciprocal  exchange 
of  powers  to  occafion  lightning  from  one  cloud 

lo  another.  , . , , ^ -a  a 

\Vh  en  tw’o  clouds,  w'hich  are  highly  eledrinecl 

with  the  diftcrent  powers,  come  near  together,  they 

approach 
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approach  with  an  increafing  force  till  they  fkifl)  in 
exchanging  powers.  But  as  clouds  are  formed  of 
diftindt  particles,and  every  particle  has  it*s  (hare  of 
both  the  dearie  according  to  the  equality  or 

inequalityofquantityof  each  power  in  each  particle, 
it  is  more  or  lefs  eleiidrified  ; and  on  the  various 
combinations  of  thefe  powers,  will  arife  the  mode 
in  which  the  clouds  approach  each  other,  and  in 
which  they  exchange  their  diiferent  powers. 

When  the  electrified  particles  are  made  ib  to 
approach  each  other,  that  their  atmofpheres  are 
prelTed  off  together  to  a great  diftance  from  the 
cloud,  they  then  act  nearly  the  fame  as  if  the  cloud 
was  one  continuous  body ; but  after  the  haib,  thofe 
particles  which  have  exchanged  powers,  and  in 
which  the  two  cledfricities  are  united,  being  no 
longer  buoyed  up  by  thefe  agents,  fall  down  in  rain, 
hail,  &c. 

That  thefe  atmofpheres  are  extended  to  a 
great  diftance  from  the  cloud,  appears  from  all  ex- 
periments made  both  here  and  abroad;  for  in  them 
it  is  plain,  that  an  atmofphere  goes  up  from  the 
earth  of  the  power  which  is  contrary  to  that  of  the 
cloud,  which  would  not  take  place  if  the  atmo- 
fphere of  the  cloud  did  not  reach  the  earth. 

When  one  of  thefe  highly  eledrifkd  clouds 
approaches  fo  near  to  the  earth  as  to  exchange  pozi^crs 
zvitb  /7,  then  is  the  damage  done  to  thofe  things 
through  which  the  exchange  is  made,  w'hich  are  Ge- 
nerally thofe  bodies  that  rife  neareft  the  cloud, " 

Many  are  the  obfervations  which  fnew,  that 
the  atmofphere  of  the  clouds  are  condenfed  at  the 
time  of  their  joining  by  a fiafh,  and  that  the 
contrary  eiedricity  is  then  as  it  wxre  drawn  up 
from  the  earth.  Thus  in  Mr.  LudoiPs  accounr, 
Phil.  Iranf.  vol.  47,  at  every  clap  of  thunder  the 
electricity  feemed  extind,  and  did  not  return  till 
after  the  fpace  of  about  3olecoads;  the  threads 
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which  by  their  divergence  indicated  the  eledri- 
ci ty,  approached  each  other  fuddenly,  as  if  they 
had  been  pufhed  together  u'ith  force.  The  Abbe 
Nollet,  and  many  others  have  obferved  hmilar 
appearances.  In  an  obfervation  of  Abbe  Nollet, 
the  dap  of  thunder  put  a flop  for  fome  time  to 
the  force  of  the  eledricity  ; all  this  may  be  ealily 
illufrratcd  by  our  electrical  apparatus.  Bring  two 
cork  balls  fufpended  by  linen  threads  from  the  end 
of  a wire,  within  the  atmofphere  of  an  eledrified 
condudor,  and  they  will  be  elec^Irified  with  a power 
contrary  to  that  which  eledtrifies  the  condudor, 
receding  from  each  other,  but  flying  towards  the 
condudor  ; take  a fpark  from  the  condudor,  and 
they  immediately  collapfe,  the  eledricity  drawn 
into  them  from  your  body  returning  thereto. 

It  often  happens,  as  before  obferved,  that 
clouds  eledrified  with  the  contrary  powers  are 
driven  together,  and  the  particles  coming  into 
contad,  the  powers  are  exchanged  without  that 
violent  flalh  which  ufually  accompanies  a thunder 
llorm.  In  this  cafe,  the  particles  generally  defeend 
in  heavy  Ihow'crs  of  rain  ; but  the  exchange  of 
powers  is  mod  complete  in  the  middle  of  the 
united  clouds,  and  the  hcavidh  part  of  the  fhower 
is  f-'cnerally  from  the  middle  of  the  cloud. 

In  confirmation  of  this,  I iTall  only  mention 
one  obfervation,  though  many  might  be  produced  ; 
it  was  made  by  Mr.  Eeles  in  Odober,  1760 ; the 
clouds  were  very  dilfind,  and  the  fhowers  heavy. 
In  three  dilferent  clouds  he  found  the  fliowers 
from  the  beginning  electrified  with  the  vitreous 
power  ; the  ihowers  from  the  middle  of  each  cloud 

I h c w c d n o fi  g n o f c 1 e d r i c i t y , a n d t h e e n d o f e a c h c 1 o u d 
was  rcfinoufly  eledrified, the  windN.W.  There  was 
no  appearance  of  electricity  in  the  middle  of  the 
fliowers,  becaufe  the  clcCtric  powers  are  there 
" ' united 
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ithitcd  to  each  other  iii  every  drop  ; their  atmo- 
fpheres  and  adlions  were  therefore  infenhble. 

Rain,  hail,  and  fnow,  often  exhibit  figns  of 
being  eledlrified,  for  the  clouds  are  feldom  fo 
equally  electrified  with  the  different  powers  of 
electricity,  as  upon  meeting  to  render  ihcm  equal 
in  each  defeending  drop,  in  large  flakes  ot  fnow, 
the  electricity  is  often  very  evident ; for  when  they 
come  near  a non-eleCtric  body,  they  are  driven 
towards,  and  cling  about  it  like  an  eleCtrifted 
feather. 

It  is  not  eafy  to  form  any  idea  of  what  Ibme 
"ivriters  mean,  by  a negative  cloud,  or  a negative 
ffroke.  Is  it  a mere  inanity  which  knocks  down 
Iteeples,  rends  trees,  tears  up  the  earth,  and  kills 
men  and  cattle,  &c.?  Can  that  which  is  not,  act? 

You  faw'  by  an  experiment  I lately  exhibited 
to  you,  that  if  two  electric  plates  (or  two  jars)  be 
charged,  and  a communication  be  made  from  the 
vitreous  fide  of  one,  to  the  relinous  fide  of  the 
other  ; no  difeharge  will  follow,  unlefs  a commu- 
nication is  formed  between  the  other  two  furfaces 
at  the  fame  time. 

The  natural  eleCtricity  in  the  atmdfphere  is 
frequently  difeharged  in  this  manner:  two  clouds 
being  eleCt rifled  with  oppofite  powers,  the  fur- 
faces  of  the  earth  immediately  under  them  are 
likewife  eleCtrificcl  with  powers  contrary  to  thofe 
in  the  clouds  above  them;  and  the  moifture  of  the 
earth  forming  a communication  between  the  two 
contiguous  charged  furfaces,  whenever  the  two 
clouds  meet,  there  wdll  follow  a difeharge,  both 
of  the  clouds  and  furfaces  on  the  earth  oppofed 
to  them.  If  the  earth  fliould  be  dry,  and  confe- 
quently  afford  a refiffance  to  the  union  of  the  tw;o 
ele6iricities  accumulated  on  or  under  it’s  furface, 
there  wdll  follow  an  explofion  in  the  earth  as  well 
as  in  the  atmofphcre,  which  will  produce  coacuf- 
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fioiis  and  other  phenomena  which  have  frequently 
been  obferved  to  happen  in  dry  feafons,  particu- 
larly in  rhofe  climates  which  are  the  moft  liable 
to  dorms  of  thunder  and  lightning. 

The  various  cafes  of  lightning  are  too  nume- 
rous to  be  here  conhdered,  and  too  imperfectly 
known  to  be  accurately  explained.  What  I have 
faid,  will,  I hope,  give  fome  general  notions  of  the 
method  in  which  it  operates,  and  lead  you  to  a 
further  invedigation  of  the  fubjeft.  You  may 
from  thence  alfo  readily  account  for  it’s  feem- 
ingly  capricious  nature ; fometimes  it  will  flrike 
trees,  high  houfes,  &c.  without  touching  cottages, 
men,  or  animals  in  the  neighbourhood  ; while  in 
other  inllanccs,  low  houfes  and  cattle  have  been 
druck,  while  high  trees,  ftecples,  &c.  near  them 
have  efcaped. 

All  this  is  very  eafily  accounted  for,  upon  Mr. 
Eeles’s  theory  of  a double  current,  and  the  efforts 
in  nature  to  reftore  the  elccdrical  fluid  to  a latent 
date,  whenever  by  any  means  the  powers  thereof 
have  been  feparated.  Thus  in  great  thunder 
dorms,  there  is  a portion  of  the  earth  under  the 
cloud  which  is  eledtriftcd  thereby,  with  the  con- 
trary clcffricity;  thofc  objects  therefore,  w'hich 
form  the  mod  perfect  conduffors  between  the 
clouds  and  that  portion  of  the  earth,  wdll  mod 
probably  be  druck,  as  being  the  readied  way  by 
which  the  two  oppofite  powers  can  unite,  and  rc- 
dore  the  electrical  equilibrium  both  in  the  cloud 
and  the  earth,  one  part  of  the  flalh  afeending 
from  the  earth,  the  other  dcJ^ccudtJig  fiom  the 

cloud.  , ^ -n  3 

i.et  us  ruppofe  a cloud  vitFeoufly  elcdnficd, 

to  be  formed  over  a certain  parts  of  the  earth’s  fur- 
face  ; the  elcCtric  pow  er  of  the  cloud  fird  fepa- 
rates  that  of  the  atmofpherc,  and  while  it  is  thus 

oDcratin<^  the  atmorpherc  is  reiinoufly  eleCtrifled  ; 
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in  a little  time  the  air  becomes  vitreoufly  eledlri- 
ficd,  and  then  both  it  and  the  cloud  acl  as  one 
body.  The  fiirface  of  the  earth  then  begins  to  be 
eledlrificd,  and  the  powers  therein  to  be  leparatcd, 
and  a continual  effort  is  made  by  the  contrary 
eledtricities  to  unite  between  the  earth  and  the 
cloud.  If  thofe  caufes  which  firft  produced  the 
eledricity  ftill  adl,  the  power  becomes  incon- 
ceivably great,  and  the  flafhes  in  uniting  will  tear 
every  thing  to  pieces  that  refiff  their  paffage* 

Mr.  Read  juftly  obferves,  th^t  a portion  of  the 
earth  may  be  highly  eledlrified,  and  yet  we  may 
be  infenfible  thereof,  becaufe  we  are  involved 
therein  ; for  where  all  things  are  equally  involved 
in  an  eledlrical  atmofphere,  there  can  be  no  vifibic 
figns  of  the  prefence  of  the  eledlric  matter.  Thus 
if  tw'o  or  more  perfons  be  eledtrificd,  while  ftand- 
ing  on  the  fame  injulationy  they  fhew  no  figns  to 
each  other  of  being  cledlrified.*  Whatever  be  a 
perfon’s  fituation,  whether  in  the  houfe  or  open 
field,  he  is  liable  to  be  involved  in  an  electric 
charge,  whether  it  be  ftationary,  or  moving  with 
the  clouds.  Mr.  Read  found  himfclf  fo  involved 
once  in  Hyde  Park  ; the  atmofphere  had  a mena- 
cing appearance  wdth  a heavy  black  cloud  at  no 
great  diftance;  on  taking  his  pocket  cledrometer 
out  of  it’s  cafe,  and  holding  it  in  his  hand,  it  in- 
ffantly  diverged  near  one  inch.  It  is  not  probable, 
that  the  reftoration  of  the  equilibrium,  or  return- 
ing Jirokcy  as  it  is  often  called,  will  hurt  any  one, 
unlefs  they  are  in  the  diredl  path  of  the  flafli. 

I have  already  obferved;  that  it  is  probable 
that  the  operations  of  the  eledlrical  matter  arc 
moff  univerfal  and  important  in  it’s  latent  and 
united  ftatc;  and  that  whenever  by  feparation  it 
becomes  vifibie,  there  is  then  a general  firefs 
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thronorhoiit  the  greater  part  of  our  fyl]em,  to  re- 
floie  tuc  ecjuiiibriufij ; and  that  this  iircls  is  greater 
in  proportion  to  the  quantity  feprirated  ; that  this 
fej^aration  in  many  infianres  is  ipontancous ; and 
that  as  this  fluid  is  iinivcrfally  diffeniinatcd,  there 
is  no  occalion  to  conlidcr  the  appearance  of  elec- 
iricity  in  vapour,  as  the  means  whereby  this 
fluid  is  conveyed  to  the  clouds. 

rrom  M.  de  Luc’s  obfervations,  it  would 
hence  appear,  that  lightning  often  arifes  from  fud- 
den  prndudion  c4' a great  quantity  of  the  elcdrical 
iuiiu,  that  whicn  is  then  manifefled,  not  being  ap- 
pitient  as  cledtriciry,  but  jufl;  before  we  perceive 
it’s  cflebls.  Ibis  is  iurther .confirmed  by  his  ob- 
iervations  when  on  mountains,  where  he  had  often 
opportunities  of  viewing  thefe  phenomena.  Thus 
in  a florm  on  the  Bnr/,  (one  of  the  Alps)  while 
the  air  was  perfectly  tranfprent  and  dry>  (the  laff 
circumflancc  being dctci  rnincd  by  the  hygrometer) 
clouds  began  to  term  in  different  parts  ; thefe, 
A^hcn  thickened  ar.d  united,  embraced  the  furn- 
mit  of  the  Bae/,  and  fupporred  themfelvcs  againft 
Mount  Blanc,  and  the  fummits  of  the  neighbour- 
ing mountains.  Mr.  de  Luc  and  his  companions 
were  overwhelmed  with  rain;  there  was  alfo  a 
vafi  deal  of  lightning,  which  w/as  often  violent, 
and  jafted  for  a confldcrable  time.  Mr.  de  Sauf- 
fure  has  alfo  given  rnftanccs  where  the  clouds 
fonricd  a conducting  communication  with  the 
giound,  and  yet  the  lightning  continued  without 
interruption. 

From  thefe  phenomena,  air  pcrfctflly  tran/pa- 
rent  and  ciry,  containing  neither  tlie  vapours  of 
which  the  cloud  is  formed,  nor  the  elcciric  fluid, 
hut  only  the  ingredients  proper  to  give  them  birth; 
he  infers,  that  by  fomc  unknown  caufe,  clouds  of 
a ccrtidn  kind  arc  formed  fpontantoufly,  and  dur- 
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ing  the  pro.gfefs  of  their  formation,  the  cledtri- 
city  is  produced  in  great  abundance,  exploding 
every  time  it  is  thus  formed  ; and  that  before  this, 
the  eledric  fluid  no  more  exifted  in  that  ftate,  than 
the  aerial  fluids,  which  are  difengaged  from  gun- 
pow'der,  exilfed  as  fuch  before  the  gunpow'der  was. 
exploded.  1 need  fcarce  obferve  to  you,  ^ how 
much  Mr.  Eeles’s  theory  is  confirmed  by  this  ac- 
count of  Mr.  de  Luc. 

You  may  gain  fome  idea  of  the  prodigious 
quantity  of  the  cledric  fluid,  that  is  fometimes 
manifeifed,  and  palling  between  the  clouds  and  the 
earth,  by  an  inftance'or  two  wdth  w’hich  wx  are 
lurniflied  by  Mr.  de  Luc.  Thus  a cloud  w'as  ob- 
ferved  at  the  top  of  the  mountains  of  Turin  : it 
was  formed  of  a mafs,  w’hofe  obfeurity  rendered  it 
terrific,  producing  in  thofe  places,  over  which  it 
was  fituated,  night  at  noon  day ; this  mafs  was 
ploughed  as  it  were  by  lightning,  which  was  foon 
after  followed  by  a grumbling  kind  of  thunder; 
there  fell  fo  prodigious  a quantity  of  water  and  icc 
from  this  cloud,  that  the  country  w^as  ravaged  by 
the  torrents,  the  hedges  were  beat  down,  and  the 
ditches  half  filled 'with  hail.  Erfurt,  a fmall  city 
in  Germany,  was  ffruck  in  one  night  in  forty-two 
different  places ; leven  perfons  were  killed,  three 
houfes  were  fet  on  fire,  but  quenched  by  the  rain, 
which  came  down  in  torrents.  Now  where  fliall 
we  find,  on  the  vapour  theory,  knowm  humidity  in 
any  ftrata  of  tranfparent  air,  fufficient  to  explain 
the  formation  of  fuch  clouds,  and  the  torrents  ot 
rain  which  was  difeharged  from  them  ? 

Of  Conducting  Rods. 

Wc  are  now  prepared  to  confider  the  advan- 
tage of  conduding  rods.  Y ou  know’  that  the  ciec- 
Tncal  fluid  is  always  impelled  to  thofe  places  where 

an 
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an  exchange  of  powers  can  be  mofl  eafily  made,  or 
where  the  union  of  the  two  powers  is  leaft  refift- 
ed.  ^ If,  then,  there  happens  in  any  of  the  preced- 
ing inllances  to  be  a houfe  furnifhed  with  a con- 
duding  rod,  diredly  between  that  part  of  the 
cloud,  and  that  part  of  the  earth,  where  there  is  the 
greateft  effort  for  redoring  the  equilibrium,  the 
condudor  will  be  (truck,  and  will  probably  pre- 
vent the  building  from  receiving  any  injury.  If 
there  be  no  condudor,  the  lightning  will  for  the 
foregoing  reafons  pafs  at  the  fame  place,  but  the 
building  will  probably  be  damaged,  becaufe  the 
materials  refift  the  paffage"  of  the  eledricai 
powers. 

Of  Poi  nted  and  Knobbed  Conductors, 

A great  difpute  has  been  carried  on  among 
eledricians  concerning  the  termination  of  con- 
duding  rods,  for  preferving  buildings  from  light- 
ning ; fome  warmly  contending  that  they  (hould 
be  terminated  by  knobs  or  balls  ; others  as  ftrenu- 
oudy  contending,  that  they  (hould  be  pointed. 

Ever  (ince  the  identity  of  elcdricity  and 
lightning  has  been  proved,  condudors  of  fome 
kind  have  been  generally  allowed  to  be  neceffary 
for  the  fafety  of  buildings  in  thunder  ftorms,  as 
they  afford  a ready  palfage  for  the  union  of  the  con- 
trary elcdricities.  Eledricians  feem  to  have  forgot 
that  neither  lightning  nor  eledricity  ever  hrike  a 
{jody,  merely  for  the  fake  of  the  body,  but  becaufe 
that  body  is  a means  of  refforing  the  diffurbed 
equilibrium. 

When  a quantity  of  eledricity  is  excited  by 
means  of  an  eledric  machine,  a body  communicat- 
ing with  the  earth;  will  receive  a (trongfpark  from 
the  prime  condudor;  it  receives  this  fpark,  not  be- 
c.aufc  it  is  capable  of  containing  all  the  eledricity 

I of 
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of  the  cylinder  and  condudlor,  but  becaufe  the  ni- 
tural  lituation  of  the  fluid  being  difturbed  by  the 
motion  of  the  machine,  the  natural  powers 
make  an  effort  to  reifore  the  equilibrium.  No 
fooner,  then,  is  a conduding  body,  communicating 
with  the  earth,  prdented  to  the  prime  condudor, 
than  the  whole  effort  of  the  eledricity  is  diredited 
againft  that  body  ; not  merely  becaufe  it  is  a con- 
dudor,  but  becaufe  it  affords  a place,  by  which  the 
natural  powers  can  more  readily  unite,  and  which 
they  would  do  byother  means,  though  that  body  were 
not  to  be  prefented.  That  this  is  the  cafe,  we  may 
eafiiy  fee,  by  prefenting  the  fame  conduding  fub- 
ftance  in  an  infulatcd  ftate  to  the  prime  condudor 
of  the  machine,  when  we  fliall  find  only  a fmall 
fpark  will  be  produced.  In  hke  manner,  w'hen 
lightning  (trikes  a tree,  a houfe,  or  a conduding 
rod,  it  is  not  becaufe  thefe  objeds  are  high,  but 
becaufe  they  are  (ituated  in  that  place,  where,  from 
a variety  of  caufes,  the  iropetus  of  the  tw’o  powders 
can  be  leffencd  by  uniting  with  each  other. 

From  hence  you  will  perceive  the  fallacy  of 
that  kind  of  reafoning,  which  is  generally  em- 
ployed concerning  the  ufe  of  thunder  rods. 

Becaufe  a point  prefented  to  an  eledrified 
body  in  our  experiments,  draws  off  tne  eledricity* 
in  a filenc  manner,  Dr.  Franklin  and  his  followers 
have  concluded,  that  a pointed  condudor  will  do 
the  fame  thing  to  a thunder  cloud,  and  thus  pre- 
vent any  kind  of  danger  from  a ftroke  of  lights 

But  for  this  very  reafon,  Mr.  VVilfon  and  his 
party  have  determined,  that  the  ufe  of  pointed 
condudors  is  utterly  unfafe  ; they  juflly  confider 
the  Franklinian  idea  of  exhaufting  the  clouds  of 
' their  eledricity,  to  be  not  Icfs  abfurd,  than  it 
would  be,  to  clear  away  an  inundation  with  a fho- 
vei,  or  exhaud  the  atmofphere  v/ith  an  air-pump* 

They 
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1 unng  many  inftances,  where  a point  will 
ccivc  a///// ilrokc,  and  allert  that  it  folicits  a dif-' 
charge,  and  that  being  often  unable  to  condudt  the 
whole  eleiftricity  of  the  atmofphere,  it  is  impoffi- 
ble  for  us  to  know  whether  the  difeharge  they  fo- 
licit,  may  not  be  too  great  tor  our  conducitor  to 
bear,  and  confequently  all  the  mifchie'fs  ariting 
from  thunder  ftorms  may  be  expeded,  with  this, 
mortifying  circumftance,  that  this  very  conduc- 
tor hath  probably  folicited  the  fatal  ftroke. 

I muft  alfo  further  obferve  to  you,  that  the 
Franklinians,  granting  them  all  they  afk,  ftill  make 
, their  pointed  condiidors  of  too  much  confequence  ? 
for  it  is  now  well  known,  that  points  have  no  in- 
fluence at  all,  unlefs  thev  are  immer2:ed  in  the 
eledrified  atmofphere.  If  a pointed  body  docs 
not  communicate  with  the  earth,  but  the  commu^ 
nication  is  interrupted  by  a fnort  interval,  it  wdll 
receive  a full  fpark.  It  will  alfo  receive  a full 
fpark,  if  it  he JhddenJy  brought  fufficiently  near  a 
ifrongly  eledrified  body  ; this  cafe  applies  ftrong- 
]y  againd  pointed  conduding  rods  for  fliipping. 
It  will  alfo  receive  a full  Ipark  at  a confiderable 
dillancc,  if  furrounded  with  non-conduding  fub- 
Itances.  The  circumhances,  on  which  an  explofion 
depend,  are  too  many  to  be  here  enumerated  ; in 
general  it  maybe  faid  that  with  refpedl  to  a point,- 
it  will  depenel  on  the  fudd.enncjs  of  the  di/char^i\ 
on  the  proximity  of  the  cloud,  on  the  velocity  in  it's 
motion,  on  the  quantity  of  elediricity  contained  in 
it,  and  on  the  contrary  electricity  oppofed  to  it^ 
If  a fmall  cloud  hangs  fufpended  under  a 
large  cloud  loaded  with  elcdric  matter,  pointed 
condudors  on  a building  underneath,  W'ill  re- 
ceive the  difeharge  by  cxplolion,  in  prefer- 
ence to  thole  terminated  by  balls;  the  fmall 
cloud  W'ill  form  an  interruption,  w’hich  allows  on- 
ly an  i-nftant  of  time  for  the  difeharge.  If  a lin- 
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crle  eled:ric  cloud  is  driven  with  confiderable  velo- 
city  near  to  a pointed  condudlor,  the  charge  may 
be  caufed  to  explode  upon  it  by  the  motion  of  the 
charged  body. 

A pointed  conductor  has  not  even  the  power 
of  attra^ing  the  lightning  a few  feet  out  of 
the  direction  it  would  choofe  itfelf:  of  this  we 
have  a molt  decifivc  inftance  in  what  happened  to 
the  magazine  at  Purfleet,  in  Etfex.  That  houfc 
was  furnillied  with  a conduftorj  raifed  above  the 
highdf  part  of  the  building;  neverthelcfs,  a flafli 
of  lightning  flruck  an  iron  cramp  in  the  cor- 
ner of  the  wall  of  the  building,  confiderably 
lower  than  the  top  of  the  conductor,  and  only 
forty-fix  feet  in  a hoping  line  diltant  from  the 
point. 

The  condudor,  with  all  it’s  power  of  draw- 
ing  off  the  elebtric  matter,  was  neither  able  to  pre- 
vent the  flafh,  nor  to  turn  it  forty-fix  feet  out  of 
it’s  way.  The  matter  of  fad  is,  the  lightning  w^as 
.determined  to  enter  the  earth  at  the  place  where 
the  Board-houfe  hands,  or  near  it  ; the  condudor, 
fixed  on  the  houfe,  ohered  the  eafiefl:  communica- 
tion, but  forty-fix  feet  of  air  intervening  between 
the  point  of  the  conductor  and  the  place  of  the 
explolion,  the  refihance  w as  lefs  through  the  blunt 
cramp  of  iron,  and  a few  bricks  moiflened  with 
the  rain  to  the  fide  of  the  metalline  condudor,  than 
through  the  forty-fix  feet  of  air  to  it’s  point,  for 
the  former  was  the  way  in  which  the  lightnino-  ac- 
tually pafl'ed.  ' ' 

An  objedion  to  the  ufe  of  conduffors  of  either 
kind  may  be  aim  drawn  from  the  accident  which 
happened  to  the  poor  houfe  at  Plcckingham, 
'Norfolk,  which  wus  liruck  by  lightning,  though 
furniflicd  with  eight  pointed  condudors,  and 
which,  I arn  w’ell  alfurcd  from  good  authority, 
were  uninterrupted^  eontinuous , and  at  the  time 

of 


V 


3‘S2  Lectures  on  Natural  Philosophy. 

of  the  Uroke  perfemy  connecfcd  with  the  com- 
mon rtock.  Plence  it  is  evident,  that  the  effecl: 
of  condudors,  in  general,  is  too  inconfiderable 
either  to  leflen  fear,  or  animate  hope. 

The  thunder  houfe,  jig,  3,  ;>/.  2,  as  it  is  ufual- 
ly  called,  is  the  apparatus  principally  ufcd  to  ilkif- 
trate  the  Fianklinian  method  of  preferving  houfes 
from  damage  by  lightning.  It  contiftsof  a maho- 
gany board,  hiaped  like  the  gable  end  of  a houfe. 
It  is  fixed  uprighcon  an  horizontal  board  asa  kand  ; 
a fquare  hole  is  made  in  the  gable  board,  into 
'which  is  fitted,  fo  as  to  go  in  and  out  eafily,  a 
fquare  piece  of  wood  ; a wire  is  fixed  in  the  one 
diagonal  of  tnis  board,  and  wires  arc  alfo  fixed  in 
the  gaole  board,  one  from  the  upper  part,  the 
lower  end  of  which  comes  to  one  corner  of  the 
fquare  hole  ; the  upper  end  of  the  other  wire  coin- 
cides with  the  oppofite  corner,  and  goes  down  to 
the  bottom  of  the  gable  board.  The  upper  wire 
has  a brafs  ball  on  the  top;  this  may  be  occafional- 
}y  taken  off,  which  leaves  a point  expofed  ; at  the 
bottom  of  the  lower  wire  there  is  a hook;  conned 
the  hook  at  the  bottom  with  the  outer  coating  of 
a jar,  place  the  fquare  piece  in  the  hole,  fo  that 
the  metallic  w ire  fnall  not  coincide  with  the  other 
two;  when  the  jar  is  charged,  bring  the  efifeharg- 
ing  rod  from  the  knob  thereof  to  the  ball  of  the 
hcufc;  an  cxplofion  will  enfuc,  and  the  fquare 
piece  be  driven  out  to  a good  dillance  from  the 
gable  board. 

Put  the  fquare  piece  into  the  hole,  in  fuch  a 
manner,  that  the  ends  of  the  diagonal  may  not 
coincide  with  the  ends  of  the  wire  of  the  gable 
board,  then  make  the  difehanze  as  before,  and  the 
metallic  circuit  being  nozu  complete,  the  fquare  board 
will  remain  in  it’s  place. 

Take  off  the  ball,  and  the  point  will  prevent 

an 
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an  explofion,  and  it’s  accumulating  therein  in  any  ^ 
fufficient  quantity  to  do  any  damage. 

The  prime  condudlor  is  fuppofed  to  reprefent 
a thunder  cloud  difcharging^it’s  contents  on  fomc 
metal  projecT;ion  at  the  top  of  a building;  and 
this,  is  coniidered  as  receiving  no  damage  when 
the  condudor  is  perfecft ; but  when  the  connedlion 
is  imperfed:,  the  fluid  in  palling  from  one  part  to 
the  other,  damages  the  building. 
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On  the  Nature  of  Electricity,  of  Animal 

Electricity,  &c. 


A FTER  pointing  out  to  you  the  principal  phe^ 
XjL  nomena  of  eledlricity,  and  exhibiting  to  you 
•many  of  the  moll  interefting  and  entertaining  ex- 
periments in  this  branch  of  natural  philofophy;  I 
fhall  now  , endeavour  t:o  trace  out  it’s  connexion 
with  the  great  agents  in  the  operations  of  nature, 
and  thus  lead  you  to  form  fome  idea  of  what  elec- 
tricity is,  and  of  it’s  ufe  in  the  great  fyflem  of  things. 
Whatever  it  may  be,  it  is  certain,  and  that  without 
any  exaggeration,  that  whether  you  look  to  the 
heaven  above,  or  thecarth  beneath,  you  can  fcarce 
perceive  any  thing  that  is  not  adted  upon,  and  in 
a manner  perfectly  fubjeded  to  the  operations  of 
this  wonderful  fluid. 

That  eledricity  is  real  matter,  and  not  a mere 
properly,  is  evident  from  a variety  of  circum- 
dances.  When  it  palTcs  between  bodies,  it  divides 
the  air,  and  puts  it  into  thofe  undulations  which 
give  us  the  idea  of  found.  It  emits  the  rays  of 
light  in  every  direction,  and  thofe  rays  are  varioufly 
refrangible  and  colorific,  as  other  light  is;  and,  if 
light  is  acknow'ledged  to  be  matter,  it  is  contrary 
to  reafon  and  experience,  to  fuppofc  that  the  thing 
which  emits  it  hunj  Id  not  like  wife  be  material;  neither 
are  the  other  fenfes  unalfeded  at  it’s  prefence : 
it’s  Jmell  is  ftrongly  phofphorcal  or  fulphureous. 
The  fenfe  oi  fecliyig  is  a witnefs  of  it's  prefence, 
not  only  from  the  fparks  which,  w’hcn  received 
from  the  condudor  of  a powerful  machine,  are 
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pungent,  and  will  pafs  through  two  or  three  per- 
Tons  fbanding  on  the  ground,  but  alfo  from  the 
Ihock.  A fiream  of  electric  matter  has  alfo  evi- 
dently a fiibacid  tafte. 

In  contemplating  the  fyflem  of  nature,  you 
perceive  three  kinds  of  fluids  of  extreme  fubtilty, 
and  \ er^  much  refemoling  one  another ; thefe  three 
are/;r,  fight,  and  electricity.  Their  rcfcmblance 
is  fo  great,  that  it  is  not  furpriflng  to  find  it  the 

general  conception  of  all  uninformed  minds,  that 

theyaie  ultimately  the  fame;  on  exairiining  the 
evidence  of  their  identity,  you  will  find  it  to  be 
exceeding  flrong. 

If  it  be  true,  that  natural  effeiffs  are  not  to  be 
aferibed  to  many  different  means  or  agents,  where 
one  vvili  fufflee,  thefe  three  fhould  be  confldered 
as  different  modifications  or  dates  of  the  fame  fluid. 
Light  or  folar  fire  will  hum  in  fuel,  and  adt  in 
folid  matter  with  greater  effedl  than  the  moll  vio- 
lent fire  of  a furnace.  Common  jire,  like*  that  of 
^e  fun,  will  promote  vegetation  and  ripen  fruits. 
Lht  eleftric  fire  will  light  a candle,  and  fire  gun-, 
powder,  like  the  common  fire ; will  afford  a fpec- 
trum  of  the  y primordial  colours  in  common  with 
light;  and  will  throw  metals  into  fufion  with  a 
violent  fcorching  hcat.^  Let  us  leave  generals, 
and  deicend  more  into  particulars!. 

»!,  fluids  all  agree  in  one  propefti', 

that  of  exciting  heat  m certain  circumftanccs,  aiid 
not  doing  fo  in  others. 

Fire,  in  the  common  acceptation  of  the  word 
a ways  excites  heat ; but  in  it’s  Luent  ftate,  it  lavs 
ahde  this  property,  and  in  vapour,  for  inflance,.is 

l.ight.  when  collctflied  into  a focus  bv  a burning 
glafs.  1.  e.  when  it’s  rays  converge  to  a center,  anddi- 
verge  or  attempt  to  diverge  from  one.  produces  heat. 

Cc  bledncity. 
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I{lc(5lricity,  v/hen  it’s  force  is  concentrated 
and  converged,  produces  heat,  as  1 ihall  Toon  (hew 
you  by  it’s  effect  on  a thermometer.  This'  does 
away  the  objecdion  formerly  made  to  thofey  who 
afferted,  that  electricity  was  that  elementary  fire 
which  pervaded  all  fubffinces:  the  objection  wasj 
that  though  the  electric  matter  emitted  light,  and 
had  the  appearance  of  fire,  it  wanted  it’s  effential 
charabteriftic  of  burning  ; and  where  great  quan- 
tities of  the  fluid  were  forced  through  fubltances^ 
they  infinuated,  that  it  might  be  occafioned  by 
the  internal  commotion  excited  among  their  fmall 
particles. 

There  is  no  occafion  to  dwell  upon  the  weak- 
nefs  and  fallacy  of  the  objection,  as  it  is  complete- 
ly removed  by  many  faCts.  i.  The  effebt  of  elec- 
tricity upon  the  thermometer.  2.  By  the  experL 
ment  that  was  made  at  the  Pantheon  by  Mr.  Wil- 
fon,  with  the  immenfe  apparatus  that  was  con- 
ffrubled  for  making  experiments  on  the  prefer- 
able utility  of  pointed  or  knobbed  condubtors,  for 
preferving  buildings  from  lightning.  The  elebtric 
aura  from  this  inachine  fired  gunpowder  in  the 
mofl:  unfavourable  circumftances  that  can  be  ima- 
p'ined,  namely,  when  it  was  drawn  off  by  a fliarp 
point,  in  which  cafe  it  has  generally  the  leaft  force. 
Upon  a flafl'  of  baked  wood,  a flem  of  brafs  was 
fixed,  which  terminated  at  the  top  in  a wooden 
point;  this  point  was  put  into  the  end  of  a fmall 
tube  of  Indian  paper,  made  fomewhat  in  form  of 
a cartridge,  about  an  inch  and  quarter  long,  and 
-bo  ths  of  an  inch  in  diameter.  When  the  cartridge 
'vvas  filled  with  common  gunpowder  unbruifed,  a 
wire  communicating  with  the  carthj  was  laften- 
to  the  bottom  of  the  brafs  if  cm.  I he  charge  in 
the  large  condudor  being  kept  up  by  the  motion 
of  the  cylinder,  the  top  of  the  cartridge  was  brought 

near  to  the  condueffor,  fo  as  even  trequently  to 

touch 
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touch  the  tin-foil  with  which  it  was  covered.  In  - 
this  fituation  a fmall  faint  luminous  ftream  was  fre- 
quently obferved  between  the  top  of  the  cartridge 
and  the  metal.  Sometimes  this  ftream  would  fet 
fire  to  the  gunpowder  the  moment  it  w’as  applied ; 
at  others  it  would  require  half  a minute  or  more, 
before  it  would  take  elfedl.  The  difference  in  time 
was  fuppofed  to  arife  from  fome  moifture  in  the 
powder.  Tinder  was  fired  much  more  readily. 

It  now  appears  clearly,  that  the  electric  fluid 
moving  through  bodies,  cither  in  fmall  quantities, 
or  with  rapidity,  or  in  very  great  quantities,  will 
produce  heat,  and  fet  them  on  fire  : it  feems  there- 
fore fcarce  difputable,  that  this  fluid  is  the  fame 
with  the  clement  of  fire. 

Thcfe  are  far  from  being  the  only  inflances  of 
their  identity,  for  fire  is  brought  into  ad:ion  by 
trid:ion,  as  well  as  electricity.  Fire  dilates  all 
bodies  : the  eledric  fluid  hasalfo  a dilating  power, 
which  is  evident  from  it’s  adtion  on  a thermome- 
ter, though,  in  general,  the  force  with  wdiich  bodies 
cohere  together  is  greater  than  the  dilating  power 
of  eledricity. 

Fire  promotes  and  accelerates  vegetation  as 
wxll  as  germination.  Fdecdricity  does  the  fame. 

Eledricity,  as  well  as  fire,  accelerates  eva- 
poration. 

I'he  experiments  made  by  Mr.  Achard  on 
the  eggs  of  a hciij  and  by  others  on  the  eggs  of 
moths,  prove  that  elcdricity,  as  well  as  heat,  fa- 
vours the  dcvclopcment  of  thofe  animals.  The 
elcdric  fluid,  in  common  with  fire,  will  throw 
metals  into  fufion. 

If  fubflances,  wdth  equal  degrees  of  heat, 
touch  each  other,  the  heat  is  diflufed  uniformly 
between  them.  In  the  fame  manner,  if  two  bodies 
v/ith  unequal  degrees,  or  diflerent  kyids  of  elec- 
tricity, touch  each  other,  an  equilibrium  will  be 
eflablifhed. 
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If  bodies  of  diiTerent  kinds,  and  of  equal  de- 
grees of  heat,  arc  placed  in  a medium  of  a different 
temperature,  they  will  all  acquire,  at  the  end  of 
a certain  time,  the  fame  degree  of  heat.  There  is 
a confiderable  difference,  however,  in  the  fpace 
of  time  in  which  they  acquire  the  temperature  of 
the  medium : ex.gr.  metals  take  lefs  time  than 
glafs,  to  acquire  or  lofe  an  equal  degree  of  heat. 

On  an  attentive  examination  of  the  bodies 
which  receive  and  lofe  their  heat  fooneff,  when 
they  are  placed  in  mediums  of  different  tempera- 
ture, they  will  be  found  to  be  the  fame  which  re- 
ceive and  lofe  the  eledtric  hgns  fooneff.  Metals, 
w'hich  become  warm  or  grow  cool  the  quickeff,  are 
the  fubffances  in  which  the  clecfric  powers  unite 
moff  readily.  Wood,  which  requires  more  time 
to  be  heated  or  cooled,  receives  and  lofes  eledfri- 
city  flower  than  metals.  Laftly,  glafs  and  relinous 
fubffances,  which  receive  and  lofe  flowly  the  elec- 
tric fluid,  acquire  with  difficulty  the  temperature 
of  the  medium  which  furrounds  them. 

If  one  extremity  of  an  iron  rod  be  heated  red- 
hot,  the  other  extremity,  though  the  bar  is  feveral 
feet  long,  will  become  fo  warm  in  a little  time, 
that  the  hand  cannot  hold  it  ; becaufe  the  iron 
condudls  fire  readily;  but  a tube  of  glafs,  only  a 
few  inches  long,  may  be  held  in  the  hand,  even 
while  the  other  end  is  melting.  The  eledtric  ffuid, 
in  the  fame  manner,  paffes  with  great  velocity  from 
one  end  of  a rod  of  iron  to  the  other  ; but  it  is  a 
confiderable  time  before  a tube  of  glafs,  at  one 
end  of  which  an  excited  eledlric  is  hejd,  will  give 

electric  ligns  at  the  other. 

1 hefc  obfervations  prove,,  that  feveral  bodies 
that  receive  and  lole  with  difficulty  their  adfual 
degree  of  heat,,  receive  and  lole  alfo  with  difficulty 
their  eledlricity. 

'^'he  eletfric  posters  may  he  put  in  action  by  heat 
and  eohh  .Mr.  Canton  procured  fome  thin  glals 

balls. 
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balls,  of  about  an  inch  and  a half  diameter,  with 
ftems  or  tubes  about  eight  or  nine  inches  in  length, 
and  eled rifted  them,  fome  vitreoufly  on  the  inlide, 
others  relinoufly,  and  then  fealed  them  hermeti- 
cally ; foon  after  he  applied  the  naked  balls  to  his 
eledtrorncter,  and  could  not  obferve  the  lead:  ftgn 
of  their  being  clcdrical : but  holding  them  at  the 
fire,  at  the  di dance  of  five  or  fix  inches,  they  be- 
came ftrongly  eledrical  in  a Ihort  time,  and  more 
fo  when  they  were  cooling.  Thefe  balls  would, 
every  time  they  were  heated,  give  the  eledric 
power  to,  or  take  it  from  other  bodies,  according 
to  the  vitreous  or  refinous  date  of  it  within  them. 
Heating  them  frequently  diminifhed  their  power, 
but  keeping  one  of  them  under  water  a week  did 
not  in  the  lead  impair  it.  The  balls  retained 
their  virtue  above  fix  years. 

The  tourmalin  and  many  other  precious  dones 
are  alfo  known  to  acquire  eledricity  by  heat.  The 
tourmalin  has  always  at  the  fame  time  a vitreous 
and  relinous  eledricity  ; one  fide  ot  it  being  in  one 
date,  the  other  in  the  oppofite.  Sometimes  one 
fide  will  at  the  fame  time  poffefs  both  eledricities. 
Thefe  powers  may  be  excited  by  fridion  and  by 
heat ; nay,  even  by  plunging  it  in  boiling  water. 

Many  indances  prove,  that  eledricity  is  pro- 
duced by  liqu'ifa^Hon.  Thus  where  chocolate  is  ma- 
nufadured  in  large  quantities,  a vivid  light  is  fre- 
quently feen  fiafhing  upon  it’s  furface  after  melt- 
ing, and  it  will  alfo  attrad  light  fubdances,  fepa- 
rate  pith  balls,  &c.  When  it  had  lod  this  proper- 
ty, Mr.  Elenly  found  it  might  be  redored  by  melting 
it  together  with  a fmall  quantity  ot  olive-oil.  It 
fulphur  be  melted  in  a glafs  velfel,  and  taken  out 
when  cool,  both  it  and  the  glafs  will  be  toiind 
ftrongly  eledrified. 

1 have  already  diewn  you,  that  eledricity  is> 
produced  by  the  evaporation  of  'ivatcr  ; 1 thall  now 
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relate  Mr.  Read’s  * mode  of  performing  this  ex- 
periment. He  tnfulatcs  a large  hollow  tin  cone,  con- 
taining about  four  fheets  of  tin  plates,  with  many 
yards  of  fmall  wires  coiled  up  within  it;  one  end 
of  the  wire  is  extended  from  the  cone,  to  a very 
fenfible  eledlrometer.  The  cone  and  wire  colled 
and  condenfe  the  afeending  eledrified  vapour,  as 
it  quits  the  infulated  vefTel,  containing  the  fluid. 
The  eledrometer  connecTied  with  the  cone,  is  vi- 
treoufly  eledrified';  that  conneded  with  the  vefTel 
from  whence  the  vapour  arofe,  is  in  a refinous 
date. 

Mr.  Read  has  alfo,  by  burning  difFerent  fub- 
dances  in  infulated  veffels,  under  his  tin  cone, 
diewn,  that  bodies,  in  pacing  from  a Jolid  io  a fluid 
fidtey  produce  the  two  eledricities : the  quantity 
obferved,  is  in  general  very  fmall,  on  account  of 
the  intimate  affinity  between  flame  and  elediri-- 
citv, 

Action  of  Electricity  on  a Thermometer. 

Infulate  a fenfible  mercurial  thermometer,  and 
place  the  bulb  between  two  balls  of  wood,  one  af- 
fixed to  the  condudor,  the  other  communicating 
with  the  ground,  and  the  cledric  fluid,  in  pafling 
between  the  two  balls,  will  raije  the  mercury  in  the 
thennometer  confiderably.  With  a cylinder  of  about 
feven  inches  and  a half  in  diameter,  the  fluid  paf- 
fing  from  a ball  of  lignum  vitae  to  a ball  of  beech, 
and  thence  to  the  ground,  elevated  the  quickfilver 
in  the  thermometer,  from  68^  to  iio°,  repeatedly 
to  105^.  The  thermometer  was  raifed  from  68°  to 
85^,  by  the  fluid  palling  from  a point  of  box  to  a 
point  of  lignum  vita*  ; from  67 to  100°,  from  a 
point  of  box  to  a ball  of  box;  from  66°  to  100®, 

from 
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from  a ball  of  box  to  a brafs  point  ; from  69®  to 
100“,  from  ball  to  ball ; the  bulb  of  the  thermo- 
meterbeing covered  with  flannel. 

“ If  then  thefe  fluids y firCy  light y and  elettri- 
city,  zvhich  thus  mutually^  and  in  all  refpe^tSy  aj- 
Jume  each  other’s  properties  y are  not  the  fame  ; expe- 
riment is  a thing  not  to  he  depended  upoiiy  and  the 
mofl  obvious  rules  of  philofophijingy  adopted  and  ap- 
proved by  , all  parties y are  no  better  than  fpecious  de- 
ceptions.” 

More  indeed  need  not  be  faid  to  any  obferver 
of  nature ; but  it  is  neccirary  to  accumulate  proof, 
in  order  to  leffen  the  prejudices  of  modern  philo- 
fophers,  who  have  altogether  negleded  to  ftudy 
and  trace  the  great  agents  of  nature.  For  thefe 
it  may  be  neceflary  to  point  out  other  links,  in 
which  they  may  fee  the  connection  between  flre, 
light y and  elediricity. 

Thus  as  heat  is  diminiflied,  or  bodies  are  cool- 
ed, eledricity  fucceeds  in  it’s  place.  All  electric  ' 
bodies,  by  heat,  are  rendered  conduebors,  and  can 
no  longer  be  excited ; but  as  foon  as  the  heat  is  re- 
moved, their  electric  property  returns. 

V/ater  is  a condudiling  fubftance ; by  being 
frozen,  it’s  conducting  powers  are  leflened  ; when, 
cooled  down  to  twenty  degrees  below  o of  Fahren- 
heit’s fcale,  it  becomes  an  electric y and  will  emit 
fparks  by  friction,  like  glafs.  The  atmofphere  is  a 
natural  electric;  but  by  a certain  degree  of  heat, 
it  lofes  in  a degree  this  property,  and  becomes  a 
conductor;  nor  is  there  any  doubt  that  it’s  electric 
properties  are  increafed  in  proportion  to  the  de- 
gree of  colcj  imparted  to  it.' 

Mr.  yFipinus  .mentions  fomc  fat^  in  a letter  to 
Dr.  Guthrie,  whiob  ^''il]  ijluflrate  this  'fubject  ; ' 
they  relate  to  phenomena  that  .arc  _known  to  take 
place  in  Ruflia,  when  a great  cold  has  continued  for 
fcveral  weeks.  Mr,  Aipinus  ^vas  fent  for,  to  fe,c 
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an  uncommon  phenomenon.  On  going  into  the 
apartment  ot  Prince  Orloff,  he  found  hdm  at  his 
toilet,  and  that,  at  every  time  his  valet  drew  his 
comb  through  Ins  hair,  a pretty  flrong  crackling 
noife  was  heard  ; and  on  darkening  the  room,  the 
Ipai  ks  were  feen  following  the  comb  in  great  abun- 
dance,  while  the  Prince  was  fo  completely  elec- 
t^ri  c , that  ftrong  fparks  could  be  drawn  from  his 
an  s and  face;  nay,  he  Mas  even  eleclrified,  when 
ne  M as  only  powdered  wdth  a puff. 

^ after,  Mr.  j^lpinus  M^as  M’itnefs  to 

a niore  triking  efle(ff  of  the  eleftric  Ifate  of  a 
Kuffan  atmofphere.  The  great  Duke  of  Ruffia 
ffnt  for  him  one  evening  in  the  twilight,  and  told 
nim,  that  having  brifkly  drawn  a flainiel  cover  off 
a gieendamalk  chair  in  his  bed-chamber,  he  was 
altonjlhed  at  the  appearance  of  a Ih'ong  bright 
flame  that  followed,  but  confidering  it  as  an  elec- 
rncal  appearance,  he  had  tried  to  produce  a fimi- 
iai  illumination  on  different  pieces  of  furniture, 
pd  could  then  ffew  him  a beautiful  and  furprif- 
J^iig  experiment.  His  Highnefs  threw  himfelf  on 
IS  bed,  M hich  Mas  covered  M'ith  a damafk  quilt, 
laced  with  gold,  and  rubbing  it  with  his  hands  in 
all  diredions,  the  young  prince,  mTo  had  then 
reached  his  twelfth  year,  appeared  to  be  fwim- 
ming  in  fire,  as  at  every  firoke  flaines  arofe  all 
around  him,  darted  to  the  gold  lace  border,  ran 

along  it,  and  up  to  that  of  the  bed,  even  to  the 
very  top. 

While  his  Highnefs  was  fhewing  this  experi- 
iTicnt,  Prince  Orloff  came  into  the  room,  with  a 
fable  muff  in  his  hand,  and  fiiewed  us,  that  by  on- 
ly Mhirling  it  five  or  fix  times  round  his  head  in 
the  air,  he  could  eleefirify  himfelf  fo  firongly,  as 
to  fend  out  fparks  from  all  the  uncovered  parts  of 
fiis  body.  Ihe  inlaid  floors  had  become  fo  dry,  as 
fo  form  a complete  infulation. 
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In  the  winter  time,  therefore,  we  mud  confi- 
der  the  frozen  furface  of  the  earth,  the  water,  and 
atmofphere,  as  forming  one  electrical  machine  of 
enormous  magnitude,  for  the  natural  cold  of  thofe 
countries  is  often  cold  enough  to  cool  water  to 
more  than  20  degrees  below  o,  and  thus  render  it 
an  eledtric.  That  fomething  of  this  kind  is  real, 
appears  from  the  excellive  bright  aurora  borealis, 
and  other  electric  appearances  far  exceeding  any 
thing  in  this  country.  In  the  dimmer  time  thefe 
appearances  are  not  remarkable,  but  an  excedive 
heat  prevails  from  the  long  continuance  of  the 
fun  above  the  horizon.  I'he  quantity  of  heat  in 
fummer  being  fiicceeded  by  a proportionable  quantity 
of  eletlricity  in  winter y one  can  -fcarce  avoid  con- 
cluding, that  the  heat  in  fummery  or  difengaged 
jire,  becomes  electric  fluid  in  wiritery  which  going 
of  through  the  celeftial  expanfe  returns  again  to  the 
grand  fource  of  light  and  heaty  thus  making  room  for 
the  fiLcceeding  quantities  zvhich  are  to  enliven  the 
earth  during  the  following  feaf on. 

If  the  identity  of  light,  dre,  and  eledlricity, 
be  admitted,  the  fource  from  whence  the  elcdtric 
fluid  is  derived  into  the  earth  and  atmofphere  is 
very  evident ; it  can  be  no  other  than  the  fun, 
or  fource  of  light.  The  vad  quantity  of  light  con- 
tinually proceeding  from  the  fun  to  the  earth,  mud 
in  a great  meadire  be  abforbed  thereby  i but  from 
other  operations  in  nature,  it  is  prevented  from  re- 
maining there  ; it  is  therefore  in  continual  circula- 
tion, to  make. room  for  the  new  quantities  conti- 
nually coming  from  the  fun.  It  mud  however  be 
obferved,  that  as  this  fluid  is  varioufly  combined,  it 
cannot  appear  in  it’s  natural  form  of  fire  or  light, 
till  it  is  dilengaged, and  capable  of  receiving  a mo- 
tion dmilar  to  what  i&  had  when  proceeding  from 
the  fun. 

Ihis  change  of  matter  into  a different  form, 

with 
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with  the  fubfequent  regeneration  ot'  it  into  it's  pri- 
initivc  form,  i§.,  fays  Mr.  Jones,  one  of  the  great 
lecrets  ot  nature,  whereby  the  world  is  kept  from 
decaying  eUher  with  refpedt  to  it’s  matter  or  it’s 
motion,  by  means  ot  a circulation  in  matter,  the 
lading  motions  of  nature  arc  maintained,  and  it’s 
ftores  unexhaufted.* 

The  experiments  that  I fliall  now  lay  before 
you,  do  in  the  flrongeh  manner  prove  the  identity  of 
the  eledricfluid  andlight,  and  thatbotharetranfmit- 
ted  through  eledric  as  well  as  other  fubftances  ; and 
that  it  is  on  the  motion  of  this  fluid,  that  tranfpa- 
renc.y  depends ; that  when  this  medium  is  at  refl, 
the  body  is  opake;  when  fet  in  motion,  it  be- 
comes tranfparent. 

Luminous  Experiments. 

^0  render  an  ivory  ball  luminous.  Take  a ftroncy 
fpark  through  the  center  of  the  ball,  and  it  will  be 
illuminated  throughout. 

obtain  a crimjon  coloured  fpark.  Take  a 
fpark  through  a ball  of  box- wood,  and  it  will  ap- 
pear of  a beautiful  crimfon,  or  rather  a fine  fcarlct 
colour ; or  the  Ihock  may  be  palled  through  pieces 
of  wood  of  different  thicknclfes  and  denlity,  w,hich 
will  aflbrd  a very  ample  field  for  obfervation  and 
experiment. 

To  make  a bottle  of  zvater  luminous.  Connedl 
one  end  of  a chain  with  the  outfidc  of  a charged 
jar,  let  the  other  end  lie  on  the  table,  place  the  end 
of  another  piece  of  chain  at  about  one  quarter  of 
an  inch  diflance  fi'om  the  former,  then  fet  a de- 
canter ot  water  on  thefe  feparated  ends,  and,  on 
making  the  difeharge  through  the«  chain,  the  w-a- 
ter  will  appear  perfectly  and  beautifully  lumi.- 
nous. 

There 

* See  Jones’s  Phyliological  Dif(^uiru:ons,  p.  51. 
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^ here  is  fcarce  any  JuhJlancey  fluid  or  folidy  but 
what  may  be  rendered  luminouSy  by  paffing  the  elecr 
trie  fluid  through  //,  and  thereby  feparating  the  elec-- 
trie  pozvers  inherent  in  the  body.  In  water,  fpirit, 
oil,  animal  fluids  of  all  kinds,  the  difeharge  of  a 
Leyden  phial,  of  almoft  any  lize,  will  appear  very 
fplendid,  provided  you  take  care  to^  place  them  in 
the  circuit,  fo  that  the  fluid  may  not  pafs  through 
too  great  a quantity  of  them. 

To  perform  this,  place  the  fluid,  on  which  the 
experiment  is  to  be  made,  in  a tube  three  quar- 
ters of  an  inch  in  diameter,  and  four  inches  long  ; 
flop  up  the  orifices  of  the  tube  with  two  corks, 
through  which  pufli  two  pointed  wires,  fo  that  the 
points  may  approach  within  one-eighth  of  an  inch 
to  each  other ; the  fluid,  in  pafling  through  the  in- 
terval which  feparates  the  wires,  is  always  lumi- 
nous, if  a force  be  ufed  fuflriciently  firong  ; the 
glafs  tube,  if  not  very  thick,  always  breaks  when 
this  experiment  fucceeds.  To  make  the  paflage  of 
the  fluid  luminous  in  the  acids,  they  muft  be  placed 
in  capillary  tubes,  and  tw'o  wdres  introduced,  as  in 
the  preceding  experiment,  whofe  points  lhall  be 
very  near  each  other.  It  is  a well-known  fac^l, 
that  the  difeharge  of  a fmall  i.eyden  phial,  in  paf- 
fing over  a llrip  of  gold,  filvcr,  or  Dutch  metal 
leaf,  will  appear  very  luminous.  By  conveying 
the  contents  of  a jar,  meafuring  two  gallons,  over 
a firip  of  gold  leaf,  one-eighth  of  an  inch  in  dia- 
meter, and  a yard  long,  it  will  frequently  give  the 
whole  a dazzling  brightnefs.  You  may  give  this 
experiment  a curious  diverfity,  by  laying  the  gold 
or  filvcr  leaf  on  a piece  of  glafs,  and  then  placing 
the  glafs  in  water;  for  the  whole  gold  leaf  will  ap- 
pear mofl;  brilliantly  luminous  in  the  water,  by  ex- 
pofing  it,  thus  circumfianced,  to  the  cxplofion  of 
a battery. 

"7  he 

♦ Sec  Mr.  Morgan’s  Paper,  Phil.  Tranf. 
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ne  difficulty  of  inakhi^  any  quantity  of  the 
'fleflyical fluid  luminous  in  any  body^  incre'afes  as  the 
condnbJing  power  of  that  body  dnereafes  i bccauic 
the  two  po\vei*s  unite  fooner  in  proportion  to  the 
conduding  power,  -and  coiifequently  all  electric 
iigns  vanilh. 

•In  order  to  make  the  contents  of  a jar  lumi^ 
nous  in  boiling  water,  a much  higher  charge  is  ne- 
ceflary,  than  would  be  fufneient  to  make  it  lumi- 
nous in  cold  water,  which  is  univeiTally  allowed  to 
be  the  word  conductor. 

There  are  various  reafons  for  believing  the 
acids  to  be  very  good  conductors;  if,  therefore, 
into  a tube  filled  with  water,  and  circumilanced 
as  has  been  already  deferibed,  a few  drops  of  either 
ol  the  mineral  acids  are  poured,  it  will  be  almoil 
impofiible  to  make  the  fluid  luminous  in  it’spafl'age 
'through  the  tube,  as  the  two  powers  unite  imme- 
diately. 

Hoe  eafe  with  which  the  eleSirical  fluid  is  ren- 
dered luminous  in  any  particular  body^  is  increafed 
hy  increafing  the  rarity  of  the  body.  The  appearance 
of  a fpark,  or  ol  the  difeharge  of  a Leyden  phial,  ‘ 
in  rarifled  air,  is  well  known.  But  vve  need  not 
reft  the  truth  ot  the  preceding  obfervation  on  the 
ieveral  varieties  ot  this  fact  ; flmilar  j)henomena 
attend  the  rarifadion  of  ethePi  of  Ipirits  of  wine, 
and  of  water. 

Spark  in  rarifled  watery  fpirits  of  wine y ether, 
and  acids.  Into  the  oriflce  of  a tube,  48  inches 
long,  and  two-thirds  ol  an  inch  in  diameter,  Mr. 
.Morgan  cemented  an  iron  ball,  fo  as  to  bear  the 
Weight  v\hichprefles  upon  it  when  the  tube  is  filled 
with  quicklilver,  leaving  only  an  interval  at  the  open 
end,  w hich  contains  a lew  drops  of  water.  Having 
inverted  the  tube,  and  plunged  the  open  end  of  it 
into  a baloii  ot  mercury,  the  mercury  in  the  rube 
flood  nearly  halt  an  inch  lower  than  it  did  in  a ba- 
rometer 
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rometer  at  the  fame  inflant,  owing  to  the  vapour 
which  was  formed  by  the  water.  But  through  this 
rarified  water,  the  eledlrical  fpark  paffed  as  lumi- 
noufly  as  it  does  through  air  equally  rarified. 

if,  inftead  of  water,  a few  drops  of  fpirits  of 
wine  are  placed  on  the  furface  of  the  mercury,  phe- 
nomena, fimilar  to  thofe  of  the  preceding  experi- 
ment, will  be  difcovered,  with  this  difference  on- 
ly, that  as  the  vapour  in  this  cafe  is  more  denfe, 
the  eledrical  fpark,  in  it’s  palTage  through  it,  is 
not  quite  fo  luminous  as  it  is  in  the  vapour  of  water. 

Good  ether,  fubflituted  in  the  room  of  the 
fpirits  of  wine,  will  prefs  the  mercury  down  fo 
low  as  the  height  of  i6  or  17  inches.  The  elec- 
trical fluid,  in  pafiing  through  this  vapour,  (unlefs 
the  force  be  very  great  indeed,)  is  fcarcely  lumi- 
nous; but  if  the  prefiure  on  the  furface  of  the  mer- 
cury in  the  bafon,  be  gradually  lefiened  by  the  aid 
of  an  air-pump,  the  vapour  will  become  more  and 
more  rare,  and  the  eled:ric  fpark,  in  palling  through 
it,  more  and  more  luminous. 

The  brilliancy  and  Jplendor  of  the  electric  fpark 
is  always  increafedwhen  it  is  compreffed  into  a f nailer 
compafs.  That  is, a fpark,  orthedifcharge  of  a battery^ 
which  we  m^ght  fuppofe  equal  to  a fphere  one  quar- 
ter of  an  inch  in  diameter,  will  appear  much 
more  brilliant,  if  the  fame  quantity  of  fluid  iS' 
compreffed  into  a fphere  one-eighth  of  an  inch 
in  diameter.  'This  obfervation  is  the  obvious 
confequcnce  of  many  known  fads ; if  the  ma- 
chine be  large  enough  to  afford  a fpark,  wholir 
length  is  nine  or  ten  inches,  this  fpark  may  be  feem 
fometimes  forming  itfelf  into  a brufb,  in’ which 
flate  it  occupies  more  room,  but  appears  very  faint-- 
ly  luminous  ; at  other  times,  the  fame  fpark  may 
be  feendividingitfelf  into  a variety  of  ramifications, 
M’hicli  Ihoot  into  the  lurrounding  air.  In  this  cafe, 
likewife,  the  fiuid  is  diffu fed  over  a large  furface, 
and  in  proportion  to  the  difiulion,  lb  is  the  faint- 
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nefs  of  the  appearance.  A fpark,  which  in  the  open 
air  cannot  exceed  one  quarter  of  an  inch  in  diame- 
ter, will  appear  to  fill  the  whole  of  an  exhaufted  re- 
ceiver, four  inches  wide  and  eight  inches  long  : but 
in  the  former  cafe  it  is  brilliant,  and  in  the  latter  it 
grows  fainter  and  fainter,  as  the  fize  of  the  receiver 
increafes.  This  obfervation  is  further  proved  by 
the  following  experiments. 

Introduce  two  pointed  wires  into  the  vacuum,, 
fo  that  the  fluid  may  eafily  pals  from  the  point  of 
the  one,  to  the  point  of  the  other ; when  the  dif- 
tance  betw-eenthem  is  not  more  than  the  one  tenth 
of  an  inch,  in  this  cafe  we  lhall  find  a brilliancy  as 
great  as  in  the  open  air. 

Into  a Torricellian . vacuum,- 36  inches  long, 
convey  as  much  air  as  will  fill  two  inches  only  of 
the  exhaufted  tube  if  it  w’ere  inverted  in  water  ; 
this  quantity  of  air  will  aflbrd  refiflance  enough  to 
condenfe  the  fluid  as  it  pafles  through  the  tube  into 
a fpark,  38  inches  in  length.  The  brilliancy  of 
the  fpark  in  condenfed  air,  in  water,  and  in  all  fub- 
' fiances  through  which  it  pafles  with  difficulty,  de- 
pends on  principles  fimilar  to  thofe  which  account 
for  the  preceding  fadls.  . 

hi  the  appearances  of  eleclricit)\  as  well 
as  in  thofe  of  burning  bodies ^ there  are  cafes  m 
which  all  the  rays  of  light  do  not  efcape ; and  the 
7noJl  refrangible  rays  are  thofe  which  efcape  firfl  or 
moji  eafily.  The  eledrical  brufh  is  always  of  a purple 
or  bluifh  hue.  If  you  convey  a fpark  through  a Tor- 
ricellian vacuum,  made  without  boiling  themercury 
in  the  tube,  the  brufli  wdll  difplay  the  indigo  rays. 

To  an  infulated  metallic  ball,  four  inches  in 
diameter,  fix  a wdre  a foot  and  a half  long ; this 
wire  fhould  terminate  in  four  ramifications,  each  of 
which  mull  be  fixed  to  a metallic  ball  half  an  inch 
in  diameter,  and  placed  at  an  equal  diflance  from 
a metallic  plate,  w'hich  muff:  be  communicated  by 
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metallic  coadueftors  with  the  ground.  A powerful 
fpark,  after  falling  on  the  large  ball  at  one  extre- 
mity of  the  wire,  will  be  divided  in  it’s  palfage 
from  the  four  fmall  balls  to  the  metallic  plate. 
When  you  examine  the  divifion  of  the  fluid  in  a 
dark  room,  you  will  difeover  fome  little  ramifica- 
tions, w hich  will  yield  the  indigo  rays  only  : indeed 
at  the  edges  of  all  weak  fparks,  the  fame  purple  ap- 
pearance may  be  difeovered.  You  may  likewife 
obferve,  that  the  nearer  you  approach  the  center  of 
the  fpark,  the  greater  is  the  brilliancy  of  it’s  co- 
lour. 

Thr  influence  of  difl'erent  media  on  clecJrical 
lights  is  analcgoiis  io  their  influence  on  folar 
lights  and  will  help  us  to  account  for  fome  very 
lingular  appearances. 

Let  a pointed  wire,  having  a metallic  ball  fix- 
ed to  one  end  of  it’s  extremities,  be  forced  obli- 
quely into  a piece  of  w'ood,  fo  as  to  make  a fmall 
angle  with  the  furtacc-of  the  wood,  and  to  make  the 
Doint  lie  about  one  eighth  of  an  inch  below^  the 
lurface.  Let  another  pointed  wire,  which  commu- 
nicates with  the  ground,  be  forced  in  the  fame 
manner  into  the  fame  wood,  fo  that  it’s  point  like- 
wife  may  lie  about  one-eighth  of  an  inch  below  the 
furfacc,  and  about  two  inches  difiant  from  the 
point  of  the  firft  wire.  Let  the  wood  be  infulated, 
and  a ftrong  fpark,  which  ffrikes  on  the  metallic 
Lall,  w'ill  force  it’s  palfage  through  the  interval  of 
wood  which  lies  between  the  points,  and  appear  as 
red  as  blood.  To  prove  that  this  appearance  de- 
pends on  the  wood’s  abforption  of  all  the  rays  but 
the  red;  when  theie  points  were  dcepelt  below  the 
Tirfacc,  the  red  only  came  to  the  eye  through  a 
prifm  ; when  they  w'ere  raifed  a little  nearer  the 
Lurface,  the  red  and  orange  appeared  ; when  nearer 
Ifill,  yellozv  I and  fo  on,  till,  by  making,  the 

I'paik 


400  Lectures  on  Natural  Philosophy* 

fpark  pafs  through  the  wood  very  near  <t*sfurface 
all  the  rays  were  at  length  able  to  reach  the  eye. 

Previous  to  the  difeoveries  that  have  been 
made  in  modern  times,  relative  to  the  chemical  ef- 
fedts  of  Iightj  mathematical  philqfophers  difpu- 
ted  it’s  exigence  as  a particular  fluid,  and  even  that 
of  fire  itfelf;  they  crudely  imagined,  that  the  phe- 
nomena of  light  and  heat  were  only  particular  mo- 
difications of  the  fubflances,  in  which  they  ap- 
peared; a kind  of  vibration  of  their  particles,  tranf- 
mitted  by  means  of  a medium^  as  in  the  cafe  of 
founds.’* 

“They  applied  the  mathematics  to  this  hypo- 
thefis,  in  order  to  explain  fome  particular  pheno- 
mena ; and  as  every  thing  that  appears  to  be  de- 
duced from  mathematical  theorems y eaflly  feduccs 
thofe  who  do  not  apply  themfelves  to  examine 
this  theory y which  efiedlually  barred  the  road  to  the 
mofi  important  phyfical  refearches,  met  with  many 
pa  rtizans  : but  chemijlry  and  meteorology  have  now 
come  in  to  terminate  the  coniroverfv  ;■  and  there 
are  at  prefent  very  few  philofophcrs  who  do  not 
agree,  that  lucidity  and  heat  are  the  effcdl's  of  two 
fluids,  namely,  light  and  which  produce  thofe 
particular  phenomena  whenever  they  are  at  liberty  ; 
but  which  at  the  fame  time  may  be  fo  combined 
with  other  fubflances,  as  to  lie  hidden  in  them 
without  producing  thefe  elfeds,  till  again  fet  at  li- 
ber-ty.  By  an  attention  to  thefe  great  agent Sy  the 
fludy  of  nature  has  proceeded  with  rapidity,  and 
the  prefent  acra  will  pr.obably  on  this  account  be 
as  much  celebrated  in  the  hiflory  of  fcience,  as 
thofe  in  which  Pafeal  demonflrated  the  prejfure  of 
the  air  on  bodies,  and  in  which  Newton  difeover- 
ed.  the  principle  o\  gravity.'' 

“Our  progrefs  in  the  knowledge  of  the  origin 
of  bodies,  has  been  much  advanced  in  this  age,  fince 
chcmifls  and  philofophers  have  begun  to  examine 

their 
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their  volatile  produ^s,  in  other  words,  the  elajlic 
fluids  ; but  this  would  have  been  doing  but  little, 
had  not  the  advances  in  other  branches  of  natural 
knowledge  led  them  to  difeover,  that  the  pheno- 
menon of  heat  proceeded  from  a particular  fuh-^ 
flance  fufceptible  of  chemical  aflinitieSy  namely, 
the  immediate  caufe  of  heat.  Elere  then  is  a fuh-> 
Jlance  of  the  higheft  importance  in  the  compo/ition 
of  bodies y which  ncverthelefs  efcaped  the  attention 
of  philofophers,  while  they  only- eldimated  and  ex- 
prelTed  the  amount  of  their  products  by  their 
'weights.  Is  it  polTible  for  any  one  to  fuppofe,  that 
we  have  hereby  difeovered  all  the  imponderable  inh-- 
fiances  that  enter  into  the  compofition  of  natural 
bodies 

Ought  we  to  negledl  tlic  phenomena  of  luci-- 
dity,  while  every  thing  announces  to  us  that  light  is 
a chemical  fubffance  ? This  neglcft  is  fcarcely.  now 
to  be  apprehended,  as  philofophers  are  aware  that 
great  chernical  effefts  may  be  produced  by  impon- 
derable fubftances.  The  phofphoric  phenomena  of 
certain  mineral  fubfiances  indicate  clearly  that 
light  enters  as  an  ingredient  in  their  compofition. 
Wilfori  and  Beccaria  have  fhewn,  that  every  fub- 
ftance  in  nature  is  more  or  lefs  phofphorical  ; and 
you  have  jufl:  feeh,  that  there  is  fcarcc  any  fubffance 
but  what  you  may  render  luminous  by  feparatino* 
it’s  eledric  powers. 

The  relation  of  thefe  two  imponderable  fub- 
ftances ^ whofe  exigence  is  now  efiabliflied  beyond  a 
doubt,  is  fuch  as  in  many  other  inffanccs  is  found  to 
fubfifi  between  fuch  fubflances  as  enter  into  the 
compofition  the  one  of  the  other.  Light  frcquentlv' 
does  not  fenfibly  ad  otherwife  than  as  the  caufe  of 
lucidity,  or  of  luminous  phenomena  ; and  in  the 
fame  manner,  only  as  the  caufe  of  heat:  but  at 
other  times  fire,  in  producing  heat,  produces  alfo 
in  the  end  it’s  luminous  effeds;  and  in  fome  cir- 
\oL.  IV.  D d cumfiances 
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cumftances  light,  in  making  vifihle  the  objeds,  hj 
it’s  refledion  contributes  to  produce  heat,  Thefe 
phenomena  clearly  indicate,  that  one  of  thefe  fub- 
ilanccs  contains  the  other,  but  chat  under  certain 
circumllances  it  may  be  fo  decompofed,  as  to 
permit  either  of  them  to  exercife  it’s  own  pe- 
culiar properties. 

The  mod  excellent  Boerhaave,  in  his  analy- 
iis  of  firey  has  fo  clearly  cdablilhed  the  univerfa- 
lity  and  importance  of  this  element,  and  fo  drip- 
ped it  of  the  myf  ic  drefs,  in  which  it  was  enve- 
loped before  his  time,  that  one  would  have  ima- 
gined it  fcarce  pofiible  for  philofophers  to  have  re- 
lolvedfo  many  of  it’s  fubtil  eft'eds  to  occult  or  fan- 
ciful  properties  ; yet  that  fuch  has  been  the  cafe,  is 
evident  from  the  dightell  infpedion  of  modern 
theories.  Again,  though  the  moft  obvious  pheno- 
mena in  nature,  and. numerous  experiments,  tend 
to  afeertain  beyond  all  doubt,  that  the  matter  of 
common  light  or  fire  pervades  ail  nature,  and  fills 
all  things;  yet,  as  I have  before  obferved,  the, 
whole  has  been  overlooked  as  an  accidental  filtra- 
tion that  implied  no  confcquences,  nor  interfered 
with  the  various  unintelligible  properties  of  bo- 
dies, notwithdanding  it’s  accefs  to  their  innermoft 
penetralia. 

It  is  evident,  that  the  natural  omnipotence  of 
light  depends  on  the  fun  ; by  him,  in  a natural 
fenft'y  the  matter  of  fire,  as  his  ilfuc,  is  omnipre- 
fent,  and  all-fufficient.  If  the  life  of  all  things 
depends  on  the  activity  he  communicates  to  them, 
is  it  not  probable  that  it  is  the  infiiiencc  of  the  fo- 
lar  duid,  that  generates  and  maintains  that  life,  in 
all  it’s  fpecidc  charadters,  in  every  being  accord- 
ing to  it’s  kind  ? And  that  life.  Whether  it  be  ve- 
getable or  anipial,  is  fuch  as  it  is  according  to  the 
flate  of  the  fire  in  it^  and  tha^t  every  dead  thing  is 
only  fo,  becaufe  it’s  fare  is  (Quenched  ? The  an- 
cient 
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cknt  philofophers  affirmed,  that  the  light  of  the 
fun,  which  gave  life  and  motion  to  all  things,  mufi: 
be  in  all  things ; they  therefore  conceived  all 
things  to  be  replete  with  this  fluid. 

Is  it  not  highly  probable,  then^*  that  this  ter- 
raqueous globe  is  only  an  accumulation  of  mate- 
rials introduced  into  the  boundlefs  ocean  of  folar 
fluid  for  a theatre  on  which,  under  the  diredlion 
and  guidance  of  Almighty  God,  it  may  difplay 
it’s  inexhauftible  energy  and  powers  ; the  terref- 
trial  mafs  being  fo  difpofed  and  arranged  by  it’s 
Divine  Author,  as  to  become  a feminal  bed  of 
materials,  where  light  and  fire  may  pierce,  animate, 
and  difplay  an  endlefs  variety  and  fucceffion  of  be- 
ings ? This  fluid  extricates  all  the  forms,  and  ge- 
nerates all  the  powers  of  nature,  out  of  the  mate- 
rials provided  for  it  to  polTefs. 

It  is  impoffible  to  form  any  clear  or  diltind: 
idea  of  the  agency  of  the  folar  fluid  in  the  air,  in 
animals,  in  vegetables,  &c.  without  confidering  it 
firfl:  more  in  general  ; nor  can  you  properly  have  a 
view  of  the  univerfal  agency  of  the  element  pro- 
dudive  of  ligbty  and  elekricityy  and  it’s  impor- 
tance to  the  animal  frame,  unlefs  you  take  an  en- 
larged profped  of  it’s  adion.  Bcfides,  knowledge 
often  makes  more  rapid  advances,  by  rcafoning  up- 
on known  fa&Sy  than  by  difeovering  new  oneSy 
which  by  their  novelty  too  often  lead  to  hafly  un^ 
digefted  theories.  In  the  difquilition  upon  thefe 
fluids,  I have  always  an  eye  upon  the  dodrinc  of 
eledricity  ; and  the  preceding  as  well  as  following 
experiments  all  concur  in  ihewing  the  analogy 
. that  runs  through  nature  ; and  you  will  find  th'ac 
eledricity,  though  not  in  name,  has  been  the  doc- 
trine of  all  ages.  I fliall  therefore  continue  to 
treat  of  thefe  wonderful  fluids.  Of  all  that  are 
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known  in  the  univerfe,  the  mobility,  of  the 
matter  of-  light  is  the  greatefl:.  There  is  not 
the  fmailefl  fpeck  of  colour  in  the  beams  of 
the  fun,  that  docs  not  obediently  receive  perpe- 
tual impreflions  from  him  in  all  lineal  direc- 
tions, by  night  as  well  as  by  day.  The  as  the 
fountain  of  motion,  is  alfo  continually  agitating 
this  fluid  either  radially,  or  obliquely,  by  the  late- 
ral (hocks  and  friction  of  the  radii  upon  thofc 
parts  of  the  fluid  that  lie*  out  of  the  line  of  the 
ilin’s  irradiation  ; thefe,  together  with  the  conftant 
vicifTitudes  of  day  and  night,  preferve  a conftant 
motion  in  all  it’s  internal  parts. 

But  even  this  is  inadequate  to  convey  to  you 
a juft  idea  of  the  conftant,  pofitive,  intenfe  energy, 
from  the  adtivity  of  the  matter  of  light.  Of  this  you 
will  form  a better  idea,  by  examining  the  mode  Oif 
it’s  action  in  the  inferior  parts  of  the  mofl  rigid  and 
folid  bodies.  For  in  the  moft  fecrct  recefles  of  the 
moft  folid  ard  paffive  fubftances,  the  matter  of  light 
is  fo  far  from  cxifting  in  an  indolent  quiefeent  ftate, 
that  it  is  impoffible  to  form  an  adequate  idea  of  it's 
inceffant  and  aliive  energy,  under  thefe  circum- 
ftances.  Yet  this  flate  of  bodies  is  hut  little 
thought  of  by  pHilofophers  in  their  refearches  in- 
to it’s  properties,  either  common  or  fpecial;  which 
I.fhali  illuflrate,  by  confidering  the  cafes  of  fono- 
rous  bodies,  and  the  phenomenon  of  hammering 
cold  iron-,  red-hot. 

If  this  fluid  refidcd  within  ‘bodies,  in  an  in- 
dolent and  paflive  ftate,  it  could  exert  no  reludla- 
tion  on  any  mechanical  force,  diflurbing  it’s  paf- 
five occupation  within  bodies  ; whereas,  in  tadf, 
it’s  natural  flate  is  never  diflurbed  without  an  ac- 
tive irritation  being  excited  in  the  fluid,  to  reco- 
ver and  repoflefs  it’s  organical  and  intcrflitial  in- 
herency, greater  than  that  by  which  it  was  expel- 
led ; it  returns  witii  a iorce  not  barely  fufheient  to 
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recover  the  dinienfions  it  occupied  within  bodies, 
but  with  a violence  capable  of  expanding  them  as 
much  beyond  their  natural  lize  as  the  external  blow 
«r  conciiirion  tended  to  tomprefs  them  within  it : 
hence  a vibratory  colluctation  takes  .place  between 
that  action  which  preferves  bodies  in  their  natural 
cralis,  and  the  rapid  returns  of  the  fluid  to  it\s  na- 
tural flate;  thefe  vibrations  continue  lor  a time, 
3Uid  die  awa,y  imperceptibly. 

This  intenfe  agitation,  excited  by  thecollifion 
cf  bodies,  is  not  confined  to  their  points  ol  con- 
taifl,  but  pervades  their  whole fubAance,  and  olcil- 
lates  in  every  part.  This  is  demonftrated  to  the 
eye  and  ear,  w iien  a miifical  chord  is  ftruck-  You 
have  fpecimens  alfo  of  it,  in  all  elaflic  fonorous  bo- 
dies. When  a bell  is  Ifruck,  the  found  continues 
labouring  in  the  ear  for  a conliderable  time  after- 
wards ; nor  is  the  tumult  fublided,  when  our  fenfe 
of  it  fails;  it  paiTes  through  a gradual  decay  be- 
low .the  Aandard  of  fenfe. 

Sufpend  an  iron  poker  from  the  head,  by  the 

teeth,  and  the  iron  difeovers  no  great  degree  of  any 

fonoroLis  quality ; yet  if  it  be  ftruck,  you  will  have 

a very  ftriking  fenfation  of  the  vibratory  motion 

it’s  w^hole  fubflance  conceives  from  the  llrokc,  by 

the  teeth’s  tranfmiflion  of  their  feclinec  to  the 

o 

car. 

Phyficians  talk  of  the  ivritahilily  of  our  ner- 
vous Jyfiem^  as  a very  myflerious  and  wonderful 
phenomenon  ; but  there  are  more  flriking  exam- 
ples of  this  irritability  in  the  moft  rigid  dead  fub- 
Ifances.  Subflanccs,  Inch  as  glafs,  bell  metal,  6cc. 
which  are  lb  rigid  that  few  inflruments  w'iil  make 
an  imprdlion  on  them,  yet  are  capable  of  be- 
ing agitated  through  every 'atom  of  their  fub- 
Aance;  nay  in  fome  cafes  to  be  burft  in  pieces  by 
the  impreflion  of  certain  founds.  A wine  glafs 
will  burft  in  pieces  by  the  abtion  excited  through 
' Dds  it’s 
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3t’s  fubflance  by  certain  tones  of  voice  : colujnns  of 
n^arble  or  porphyry  are  tremulous  to  thunder  ex^ 
plojlons^  and  certain  tones  of  an  organ. 

Ihis  excefiive  mobility  of  parts  throughout 
tlic  whole  fubftance  of  thcrnofl:  rigid  bodies,  clear- 
ly  implies  a great  turgency  of  ihe'ir  fiihftance  with 
Jome  very  altive  fluid,  fo  that  a fmairincrcafe  of  it’s 
action  is  ready  to  burd:  them  in  pieces.  A flight  re- 
fiffance  to  the  internal  agitation  of  a belL  will 
caufe  it  to  crack. 

Now  it  is  impoflible  to  conceive,  that  fuch  a 
tremulous  motion  fhould  be  produced  through  the 
whole  continuity  of  fuch  hard  bodies,  unlefs  they 
contained  in  themfelves  fome  inconceivably  attive 
element,  exerting  a conftant  nifus  to  force  their 
parts  to  as  great  a di dance  from  each  other  as  pof- 
dble,  and  barely  counteradled  by  the  power  that 
maintains  their  cohedon.  ’ 

The  fymptoms  pf  refllejs  aHivity 
folid  bodies,  are  not  confined  to  fuch  as  are  com- 
monly called  eladic.  Thus  iron  yields  more  llrik- 
ing  proofs  of  this  latent  aCdiye  principle,  than  any 
d.ibdance  of  greater  eladicity  than  itfelf,  and  thus 
difclofes  to  our  fendble  conviction,  precifely  what 
that  principle  or  refUefs  element  is,  that  exerts 
It’s  energy  fo  powerfully  within  all  terredrial  bo- 
dies. • ' 

For  the  power  within  bodies,  that  fudains  and 
preferves  their  form,  is  not  a pajjive  pozver.  It  is 
a podfivc  re-aclion  to  the  approach  of  the  parts 
of  the  body.  Tho:  lazv  ot  re-action  being  equal  to 
action,  reddes  ultimately  in  the  conditution  of  this 
j)Owerlul  duid  medium.  Whenever  the  fpaces  it 
'occupies  within  the  furface  of  bodies  are  preded 
nearer  one  anolher  by  any  fudden  fhock  or  colli- 
don‘,  and  confequcntly  this  medium  be  for  an  in- 
fant driven  out,  the  next  indant  it  returns  with 
violence,  not  enough  to  regain  it’s  place  in  the  bo- 
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dy,  but  equal  to  that  wilh  which  it  was  cjcdcd  ; 
and  therefore  in  returning,  it  dilates  it’s  fpaces  as 
much  beyond  their  fizes,  as  they  were  comprellca 
below  their  natural  Itandard  by  their  collihon;  by 
which  means,  a temporary  ofcillation  is  excited  be- 
tween the  efforts- ot  that  power,  which  circum- 
feribes  bodies,  and  binds  them  to  their  natuial 
fixes,  and  the  internal  medium,  which  w^as  irri- 
tated by  the  ftroke,  to  ad  with  a force  equal 

thereto.  , . n -j  r 

If  the  ffrokes,  which  dirpoffefs  this  fluid  ot 

the  fpaces  it  naturally  obtains  within  bodies,  are 
quickly  and  fucceffively  renewed,  before  the  col- 
iudations  railed  by  the  former  ones  have  fub- 
fided,  the  internal  agitation  may  thereby  foon  be 
raifed  to  fuch  a height,  as  to  break  forth  and  mani- 
feff  itfelf  in  the  form  of  adual  fire.  , 

Every  material  being  through  ail  the  forms  of 
nature,  is  a compofition  of  this  celeflial  fluid  and 
terreftriai  matter;  you  will  find  the  di-ffribution  of 
material  Jub fiances  into  thefe  tzvo  claffes  to  be  the 
real  key  to  all  natural  knowledge;  it  not  only  dif- 
tinguilhes  this  globe  from  the  celeflial  fluid  in 
which  it  fwims,  but  is  to  be  applied  to  every  indi- 
'vidual  terreflrial  fubflance ; which  mufl  be  conii- 
dered,  if  you  would  comprehend  the  phenomena  of 
nature,  as  an  intimate  compofition  oi  thefe  two 
elements  ; the  latter  being  the  organ  or  cafe  to  the 
energy  of  the  former,  and  the  modifier  of  it’s  incef- 
fant  adivities,  while  the  former  is  the  medium  ufed 
by  mind  to  imprefs  thofe  charaders  on  the  latter, 
which  are  know  n as  the  diftinguilhing  properties 
of  different  bodies. 

This  fluid,  according  to  the  variety  of  the  phe- 
nomena by  w^hich  it’s  energy  has  been  difeovered 
to  us,  has  been  called  under  different  circumflances 
lights  fire,  eledlricitjy  materia  fublilisy  materia 
inediay  ^c.  At  other  times  it  has  been  diverted 
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of  it’s  materiality,  and  been  confidered  merely  as 
3 principle  annexed  to  or  inherent  in  matter,  under 
the  terms  occult  quality,  nifus,  attraaion,  dearie 
attraaton,  elajhcity,  irritability,  Jiimulus,  fympathy, 
vital  principle,  life,  &c.  &c.  ^ 

^ This  invifible  fire  is  ever  ready  to  exert  and 
Ihew  itfelf  m it’s  effedts,  cherifhing,  heating,  fer- 
inenting,  difTolving,  fhining,  and  operating  in  va- 
rious manners,  according  to  the  fubjed:s  which  em- 
ploy and  determine  it’s  force.  It  is  prefent  in  all 
parts  of  the  earth  and  firmament,  though  in  moft 
cafes  latent  and  unobferved,  till  fome  occalion  pro- 
duces it  in  adf,  and  renders  it’s  eftedts  vilible  ; it 
cxifts  in  our  conftitution,  and  indeed  in  every  form 
3n  nature  in  two  modes,  interftitially  and  organi- 
cally. If  the  pores  of  gold  (which  is  one  of  the 
denfefl  known  fubffancesj  exceed  it’s  folid  or  earth- 
ly parts,  how  much  greater  muft  the  proportion  of 
folar  fluid  be  in  our  frame  than  in  that  of  gold  ! To 
iiluftrate  this,  I lliall  refer  to  the  element  of 
water.  ’ ' 


Now  watery  by  it’s  iranfparency,  certifies  to 
your  fenfes  that  light  has  free  accefs  into  and  through 
it’s  fubflance;  and  it  probably  fills  up  it’s  inter- 
flices,  as  water  does  a fpunge  when  foaked  in  it. 
But  we  know  further  by  the  fluidity  and  the  vola- 
tilifation  of  water,  that  the  matter  of  light  or  fire 
has  not  only  accefs  to  it’s  interflices,  but  penetrates 
and  occupies  it’s  fimilar  elementary  particles;  for 
thefe  particles  could  not  be  rendered  volatile,  but 
by  internal  dilatation,  nor  could  they  be  dilated, 
but  by  fomething  that  reached  their  internal 
parts. 

Thefe  particles  then  are  the  organical  parts  of 
water,  which  have  their  individuality  as  feparable 
elementary  parts,  as  well  as  their  fimilarity  of  cha- 
radter,  preferved  by  that  etherial  principle  'that 
poffelTcs  them.  ... 

Thefe 
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Thefe  points  being  cleared,  you  w ill  now  have 
an  obvious  folution  ot  the  difficulties  which  have 
attended  the  quellion.  What  is  the  principle  of  na- 
tural life  ? Modern  phyjiology  has  indeed  bewildered 
the  conception  of  it's  pupils,  by  not  diffiinguiffiing 
between  the  term  lifey  ufed  met aphyjic ally  for 
our  fyrtem  of  conjcioufnefsy  or  as  the  rcfult  of  our 
whole  compofition  explicable  only  by  the  creator^ 
and  the  fame  term  lifey  ufed  pbyfically  to  denote  the 
natural pozverth’^t  prehdes  in  reciprocally  regulating, 
and  being  regulated  by  the  mechanifm  and  difpo- 
lition  of  the  whole,  and  of  every  part  and  particle 
of  our  corporeal  frame. 

It  is  by  the  unremitting  reciprocal  cornifca- 
tions  of  this  vital  principle  in  the  fluids  and  folids, 
according  to  the  dilferent  qualities  and  confiften- 
cies  they  aflTumc  in  difl'erent  parts  of  our  conftitii- 
tion,  that  the  whole  fyftem  of  life  is  difplayed  and 
maintained  in  every  individual.  Light  is  not  more 
inftantaneoufly  difpatchcd  by  reflection  from  a 
mirror,  or  by  that  power  which  every  point  of  the 
air  has  of  reflecting  lightning,  than  that  with  w'hich 
the  fame  fluid,  under  the  charafler  and  modification 
of  the  vital  principle,  acts  from  place  to  place  in  the 
human  frame. 

hor  the  moment  of  zvillingy  and  moving  any 
member  is,  undiflinguilliably  the  fame  ; fo  likewife 
. the  moment  of  being  touchedy  and  the  touch  being 
felt.  But  thefe  inftantaneous  tranfmiffions  in  our 
frame,  are  not  confined  to  fuch  as  we  have  a con- 
feious  perception  of : they  are  incefTantly  tranfact- 
ing;  the  remoteft  vibrating  artery  correfponding 
with  the  heart,  does  not  more  immediately  and  con- 
llantly  feel  it’s  power,  than  the  material  principle 
of  vitality  through  it’s  whole  form  in  our  llruc- 
ture,  feels  the  permanent  influence  of  it’s  own 
power  concentered  in  and  irradiating  from  the  brain, 
the  nerves  being  the  dirci^tors  of  the  various  intend- 
ed 
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ffd  energy  of  the  powers  of  natural  life.  This  vivi- 
fying  plenum,  occupying  and  organifing  every  par- 
ticle and  interftice  in  our  compofition,  can  dif- 
charge  it’s  whole  nifus  accordixng  to  thepathic  in- 
tiniation  and  dircdlion  of  any  nerve  or  nerves,  as 
inftantly  as  ele^Jncity  does  through  the  fubftancc  of 
the'  body  that  receives  the  fhock. 

When  you  confider  the  ratifying  and  expanfive 
force  of  this  element,  which  is  capable  in  an  in- 
flant  of  time  to  produce  the  greateft  and  moft  ftu- 
pendous  effects,  you  have  a full  proof  not  only  of 
the  power  of  fire,  but  alfo  of  the  wifdom  with  which 
it  is  inanaged^  and  withheld  from  burhing  forth  to 
the  utter  ravage  and  dcflrudfion  of  all  things;  and 
it  is  very  remarkable,  that  this  fame  element,  fo 
'fierce  and  dejlrudhvey  fliould  yet  be  fo  varioufly 
tempered,  and  applied  by  Divine  Providence,  as  to 
be  the  genial  and  cherifoing  flame  of  all  natural 
life. 

So  bright  and  lively  are  the  fignatures  of  a 
DIVINE  MIND  operating  and  difplaying  itfelf  in 
fire  and  light  throughout  the  world,  that,  as  Arif- 
totle  obferves,  “ all  things  feem  full  of  divinities, 
whofe  apparitions  on  all  fides  ftrike  and  dazzle  our 
eyes.”  And  indeed  the  vvifeff  men  of  antiquity, 
how  much  foever  they  attributed  to  fecond  caufes, 
and  the  force  of  fire,  yet  fuppofed  it  always  to  be 
governed  by  a mind  or  tnfellccl  adtive  and  provi- 
dent, rellraining  it’s  force,  and  directing  it’s  ope- 
rations. 

The  order  and  courfe  of  things,  together  with 
what  wc  daily  experience,  fully  proves  that  there 
is  a mind  that  governs  and  actuates  this  mundane 
fyftcm,  as  the  proper  real  agent  and  caufe,  and  that 
the  inferior  inftrumenial  caufe  is  pure  ether^  fire^ 
or  the  fubltance  of  lights  which  is  applied  and  de- 
termined by  an  infinite  mind  in  the  macrocofm  or 
univerfe  w ith  unlimited  power,  and  according  to 
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l\atcd  rules,  as  it  is  in  the  microcofm  with  limited 
power  and  fkill  by  the  hiunan  mind,  ^bere  ts  no 
proof  from  reafon,  or  experiment  ^ of  any  other  agent 
or  efficient  caufe  than  mind  or  spirit.  When  I 
fpeak  therefore  of  corporeal  agents,  or  corporeal 
caufes,  you  are  to  underftand  them  as  ufed  in  a 
different,  fubordinate,  and  improper  fenfe. 

The  principles^  whereof  a tbmgis  compound- 
ed, the  inftrument  ufed  in  it’s  produdion,  and  the 
end  for  which  it  was  defigned,  arc  all  in  vulgar 
life  termed  caufcs,  though  none  of  them  be,  flridly 
fpeaking,  agent  or  efficient.  Therefore  when  I 
fpeak  of  the  elejnent  of  fire  as  adtuigy  it  is  to  he  un^ 
derfiood  only  a^  a mean  or  injirnmenty  which  is  in- 
deed the  cafe  of  all  mechanical  caufes  whatfoevcr. 
They  are  neverthelefs  fometimes  termed  agentSy  or 
^caufes,  although  by  no  means  adfivCy  in  a ftrid  and 
proper  lignification  : when  therefore  forcey  power ^ 
virtuey  or  adtiony  are  mentioned  as  fubfifting  in 
an  extended,  corporeal,  or  mechanical  being, 
thefe  terms  are  not  to  be  taken  in  a iruCy  genuincy 
realy  but  only  in  a grofs  and  popular  fenfe,  which 
flicks  in  appearances y and  does  not  analyfe  things 
to  their  firft  principles.  In  compliance  with 
effabliffied  language,  and  the  ufe  of  the  world, 
we  muff  employ  the  current  phrafes ; but  for 
the  fake  of  truth,  wt  ffiould  diflinguiffi  their 
meaning.* 

What  I have  here,  as  well  as  in  my  former 
Ledures,  laid  before  you,  concur  in  proving,  (nay 
all  nature  gives  tefiimony  thereto,)  that  the  fluid 
ctherial  matter  of  the  heavens  ads  by  impulfe  on 
the  folid  matter  of  the  earth;  is  inftrumental  in 
every  one  of  it’s  produdtions,  and  neceffary  to  all 
the  flated  phenomena  of  nature.  The  elements 
;nay  then  be  divided  ino  ahJive  and  paffive  ; not  that 
they  are  fuch  by  any  inherent  or  effential  difference, 

but 
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but  that,  according  to  the  order  cflablifhed  by  the 
Divine  Architect;  they  are  obferved  to  fubhft 
under  fuch  relations.”  * 

Of  Animal  Electricitv. 

I fliall  here  introduce  you  to  the  reafons  and 
experiments,  which  induced  Dr.  Shebbeare  to 
adopt  electricity,  as  the  principle  of  vital  heat  and 
motion,  in  1755  > then  iliew  how  far  his  opinion 
has  been  confirmed  by  fubfeqiient  information. 

A mufcle  put  into  motion  by  the  will,  may 
yet  be  more  actuated  by  a farther  cxtenfion  of  voli- 
tion, as  from  walking  to  running;  by  this  operation 
of  the  mind,  there  is  more  of  the  vital  fire  deter- 
mined to  the  mufcles  employed  in  thofe  actions  ; 
mufclcs  are  alfo  brought  into  adion,  by  the  fire 
from  the  eleClric  machine,  and  palfied  limbs  have 
been  rendered  plump  by  the  fame  machine,  and  a 
pow’er  of  motion  and  adion  reffored  to  thofe  whofe 
pallies  have  not  been  of  a longftanding,  and  which 
do  not  take  their  fource  from  the  fpinal  marrow. 
This  offers  a convincing  proof,  that  vital  fire  is 
the  caufe  of  mufcular  motion,  and  that  this  vital 
jire  is  of  the  fame  kind  with  that  produced  by  our 
eledrical  machines. 

After  fo  many  experiments  on  the  elecirical- 
fluid,  and  after  the  difeovery  of  fo  many  pheno- 
mena, which  are  no  ways  to  be  djffinguiflied  from 
thofe  of  jirCy  it  will  fcarce  be  any  longer  difputed, 
that  they  are  the  fame  in  their  own  nature.  Nor 
wdll  any  one,  I prefume,  after  the  fire  put  in  ac- 
tion in  eledrical  experiments,  has  been  perceived 
by  all  our  fenfes,  fuppofe  that  there  can  be  Ids 
reality  in  it,  than  in  earth,  air,  water,  or  fire, 
whofe  reality  with  refped  to  mankind  depends  on 
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the  evidence  of  thofe  very  fenfes.  Eleftricity  com-* 
inunicates  ideas  to  every  fenfe  ; it  is  light  to  the 
eye,  odour  to  the  nofe,  droke  to  the  touchy  fub- 

acid  to  the  tade. 

If  you  apply  heat,  either  by  means  of  water,  or 
any  other  method,  to  the  heart  of  a viper  or  of  an 
eel  taken  from  the  body  of  thofe  animals,  it  will 
again  begin  to  vibrate.  Now  heat  is  fire  in  adlion, 
and  thus"^  you  fee  the  fame  effect  is  produced,  as 
was  effected  in  the  palficd  limb. 

The  reafon  why  the  hearts  of  vipers,  and 
eels,  and  fuch  like  animals,  are  put  into  motion 
by  a power  of  the  fame  nature,  though  in  a lefs 
deo-rce  than  that  which  moves  the  hearts  of  larger 
anfmals,  is,  bccaufe  they  are  extremely  cold  by 
nature,  and  therefore  a lefs  degree  of  fire  actuates 
on  their  heart  than  on  tliofc  of  larger  animals.  It 
is  not  improbable,  that  the  fame  degree  of  heat, 
which  is  neceifary  to  keep  a fowl  alive,  would  de- 
ftroy  a frog  or  viper,  and  burfl  the  cells  of  the  tu- 
nica celluhiris.  After  the  heart  of  a viper  has 
difeontinued  to  beat  with  the  application  of  any 
certain  degree  of  heat,  it  will  vibrate  again  on  the 
applicationof  a fuperior  degree. 

The  heart,  which  in  the  open  air  had  ceafed 
to  move  wnth  a certain  degree  of  heat,  will  vibrate 
again  in  vacuo  with  the  fame  degree  ; for  the  pref-  • 
Eire  of  the  atmofpherc  being  removed,  a lefs 
power  is  required  to  diftend  the  fibres. 

Dr.  Shebbeare  took  the  heart  of  an  eel, 
which  had  beenfome  time  dead,  and  placing  it  on 
a card,  put  it  on  the  conduefor  ; the  firfl  motion 
that  w'as  com  muni  cared  to  it,  was  it’s  fwelling,  or 
the  diaftoie  of  the  ventricles,  w hich  not  being  im- 
mediately follow'ed  by  the  contradtion  or  fyftole, 
he  took  the  eledtrical  fpark  therefrom,  on  w'hich 
it  contradlcd  ; it  then  dilated  again,  and  upon  the 
application  of  his  finger  again  contradlcd;  and  thus 

having 
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ha,.pp-  repeated  it  feveral  times,  the  heart  conti- 
r.  *f  ...  to  perform  it’s  diaftole  and  fylfole,  without 
-'Cmg  touched  ; and  when  it  was  removed  it  ceafed 
but  began  again  upon  being  placed  on  the  bar. 

- p given  us  a very  remarkable 

inftancc  of  the  elfed  of  fire  upon  the  human 
Heart.  He  fays,  that  upon  the  embowellincr  of 
a criminal,  be  had  feen  the  heart  of  a man,  after  it 
was  thrown  into  the/;r,  leap  up  for  feveral  times 
together,  at  firlt  to  the  height  of  a foot  and  a half, 
and  then  gradually  lower,  to  the  befl  of  his  memo- 
ry,  for  the  fpace  of  feven  or  eight  minutes.”  ' 

1 race  vital  heat  and  motion  from  their  fource, 
and  you  will  find  thefe  phenomena  (fill  more  clear- 
ly illuftrated.  An  egg,  though  it  include  all  the 
parts  neceffary  for  the  formation  of  an  animal, 
will  never  produce  a chicken,  unlefs  it  is  kept  in 
a certain  degree  of  heat  for  a certain  time ; which 
heat,  regularly  conducted,  is  all  that  is  neceffary  to 

the  produdion  of  an  animal  funilar  to  the  pa- 
rent. ^ 


That  there  is  nothing  more  neceflary  to  the 
producing  this  animal  from  an  egg,  than  cotn?non 
JirCy  has  been  long  known  and  pradifed  in  Egypt,, 
and  demonftrated  by  Mr.  Reaumur.  There  is  no 
other  vital  principle  transfufed  from  the  hen  to  the 
embryo,  than  from  a common  fire.  Thus  is  fire 
plainly  proved  to  be  the  firfi:  mover  in  the  animal 
machine,  and  is  the  only  adive  material  or  natural 
principle  during  it’s  exificnce  ; and  it  is  a principle 
abfolutely  necdlary  for  the  prefervation  of  health, 
and  generating  wholcfome  fluids.  Shall  fire  be  al- 
lowed to  have  the  power  of  beginning  the  vital 
motion  in  the  womb,  or  egg,  and  (ball  it  be  refufed 
the  power  of  continuing  it  after  the  birth  ? 

Now,  for  many  reafons  which  will  be  feen  as 
we  proceed,  it  a.)pears  that  the  fluid  of  fire  pafles 
by  the  nerves  to  the  brain  and  fpinal  marrow,  and 
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from  thence  to  the  heart 'for  the  fupplying  the  caufc 
of  involuntary  motion,  and  that  a fufheient  quan- 
tity is  always  detained  there  to  go  to  the  mufcles  at 
particular  times  for  the  performing  voluntary 
motion. 

This  fire  (the  reality  of  whofe  exigence  is 
proved  by  all  the  demonftrations  which  can  attend 
the  proof  of  any  exiftcnce,  and  whofe  general  pro- 
perties are  now  well  known)  is  lodged  in  the  brain, 
medulla  fpinalis,  ganglions,  and  nerves,  and  thence 
operates  on  all  the  different  parts  of  the  body. 
The  diminution  and  wafte  of  this  fire  is  continually 
fupplied  from  the  earth. 

The  nerves,  which  are  deftined  to  the  fenfe 
of  feeling,  are  the  conduClor  of  this  fire  to  the 
brain;  while  rhefe  which  aredeftined  to  motion,  are 
the  conductors  by  which  it  is  conveyed  to  the 
mufcles.  For  a particular  explanation  of  the  man- 
ner in  which  it  adts,  1 muft  refer  you  to  Dr.  Sheb- 
beare’s  mafterly  performance. 

It  is  net  the  fluid  of  fire  alone,  that  conffi- 
tutes  and  preferves  the  vital  hear  and  vital  motion  ; 
but  it  muft  for  this  purpofe  be  brought  into 
a certain  ftate  or  degree  of  action,  which,  in  a 
healthy  man,  amounts  to  98  of  Fahrenheit’s  ther- 
mometer; and  according  to  the  degrees  of  heat 
originally  deftined  to  each  animal,  and  the  excefs 
or  decreafe  of  it,  will  be  the  ftate  of  it’s  adlivity 
and  health. 

Nor  is  this  confined  to  animals;  fomething  of 
the  fame  kind  feems  to  take  place  in  vegetables. 
The  heat  which  produces  an  apple  to  perfection, 
W'ould  never  bring  forth  a pine  apple,  and  the  firs 
which  thrive  and  look  green  on  the  bleak  and  fnowy 
hills  of  Norw^ay,  would  perifh  in  the  burning  fands 
of  Barca  ; whiift  the  fpicy  vegetables  of  the  eaft, 
which  breathe  inceftant  fweets  amid  the  glowing 
foil  of  Arabia;  would  languifti  and  expire  in  that 
cold  clime  which  breeds  the  lofty  oak. 
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The  heat  which  hatches  the  chicken  from  aw 
egg,  would  deftroy  the  whole  race  of  fifhes  if  it 
alFc(fted  their  fpawn > and  thus  the  very  fame' ele- 
ment, which  makes  an  animal  complete  in  one  de- 
gree, and  in  one  fpecies,  defiroys  it’s  exiftence  in' 
another  fpccies  with  the  fame  degree. 

The  degree  of  heat,  which  would  injure  the 
life  of  a frog,  would  not  be  fufHcient  to  keep  the 
heart  of  a flieep  in  adtion.  Health  depends  on  a de- 
gree of  heat  which  is  natural  to  each  animal,  and 
which  was  firft  imparted  to  it  by  that  Divine  In- 
telligence, who  is  alone  able  to  adiuate  and  in- 
form, and  who  has  furnifhed  us  with  p>owers  to 
keep  up  this  degree,  and  counteradl  and  throw'  off 
a-greater. 

In  this  account  of  vital  heat  and  motion,  there 
is  nothing  new  fuppofed  ; no  new  property  afiigned 
either  to  fire  oreledtricity  ; no  new  formation  given 
to  any  part  of  the  human  body. 

We  require  no  more  of  the  nerve  than  that  k 
ex  ills,  and  that  it  be  a conductor  of  the  eledric 
fluid ; which  experiment  proves,  vital  heat  and 
vital  motion  are  here  as  they  are  in  nature,  begin- 
ning together,  and  continuing  fo  through  life.  Solar 
fire  and  the  eleSiric  fluid  are  one  and  the  fiime  vivi- 
fying principle,  aduating  all  the  ditferent  orders  of 
material  beings : they  are  fo  radically  the  fame, 
that  in  various  inflances  you  find  that  what  was 
one  becomes  the  other  ; and  thus  fachs  and  philo- 
fophy  are  united  ; and  the  caufe  of  natural  life  and 
motion  is  difeovered  by  reafon  and  experience  to 
be  the  fame  with  what  our  fenfes  inform  us  to  be 
intuitively  the  true  one.  And  permit  me  to  tell  you, 
that  in  general,  whenever  the  account  given  to  ex- 
plain the  caufe  of  any  phenomena  in  nature,  is 
rontradidory  to  the  obvious  apprehenfion  of  the 
fenfes  of  a plain  underflanding,  there  is  reafon  to 
fufped  it’s  truth.  I'hat  to  the  agency  of  fire  all 
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animal  motion  and  animal  heat  are  owing,  is  Ob- 
vious to  the  meanefl  capacity;  and  if  this  clement 
ceafe  to  ad:,  or  if  it  be  difunited  from  the  body, 
death  is  the  certain  confequence.  Every  part  of 
nature  affords  fads  to  fupport  this  opinion.  Con- 
template the  great  luminary  which  enlightens  the 
univerfe,  and  you  will  find  every  ray  is  fraught 
with  fire,  which  it  is  ready  to  manifefl  on  meeting 
a proper  recipient.  Without  the  genial  w'armth 
they  communicate,  both  animal  and  vegetable  life 
inuft  ceafe,  and  all  nature  become  one  lifelefs,  tor- 
pid, difmal  ruin. 

All  nature  bears  tcflimony  to  the  exiftence  of 
this  etherial  fluid,  and  to  it’s  inceflant  adive  ener- 
gy. Tons,  indeed,  it  often  remains  latent;  and 
peculiar  circumftances  are  necelfary  to  excite  thofe 
figns  which  render  it’s  cffeds  mofl:  vifible  to  our 
fcnfes.  The  ancients,  viewing  nature  as  fhe  is, 
often  attained  more  accurate  notions  of  her  ope- 
rations, than  modern  philofophers.  Thefe,  by 
multiplying  experiments  without  firft  attaining  a 
corred  idea  of  the  fads  continually  prefented  for 
obfervation  in  the  great  laboratory  of  nature,  have 
often  wafled  their  time  and  talents;  and  in  the 
end  have  bewildered  themfelvcs  in  an  inexplicable 
labyrinth,  or  at  befl,  have  only  placed  one  fpecies 
of  ignorance  in  the  deferted  room  of  another. 

The  Platonifts  and  Pythagoreans  maintained,  that 
jire  was  the  great  inftrumental  caufe  in  the  uni- 
verfe, fubordinate  to  the  infinite  creative  mind ; and 
that  it  actuated  the  macrocojjn^  and  animated  the 
microcofm. 

The  old  naturalifts  have  univerfally  maintain- 
ed, that  fire  was  in  all  bodies ; and  however  indif- 
tindly  they  w'ere  able  to  write  of  it,  what  they 
w rote  was  true.  I'heophraftus  has  fpoken  of  fire 
in  terms  that  befpeak  a confiderable  knowledge 
thereof.  Far  from  fuppofing  motian  to  be  the 
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caiife,  much  further  from  fuppoimg  it  to  be  the 
cfrence  of  hre,  he  aflcrts,  that  fire  is  a very  dif- 
tind-  thing  from  the  matter  in  which  we  fee  it 
lodged^  and  from  the  motions  which  we  fee  excite 
it ; and  that  it  is,  in  it’s  pure  natural  ftate,  fine, 
etherial,  imperceptible,  and  at  perfed  refh  He 
hints,  that  this  fire  was  the  breath  which  the  crea- 
tor diffufed  in  all  matter,  which,  paffing  over  the 
waters,  made  out  of  them  ,metals,  ftones,  and 
earth  ; and  afferts,  that  it  is  the  inllrument  which 
he  employs  to  give  ail  things  life  and  motion. 

They  in  general  confidercd  earth  zndzvater, air 
■xnd  fire,  as  the  component  elements  of  all  vifiblc 
and  known  corporeal  beings,  and  that  life  W'as  con- 
veyed to  them  through  the  elements  of  air  and  fire  i 
that  this  ffre  was  continually  operating  to  apply 
and  adjoin  to  thefe  bodies  the  newly  arrived  mat- 
ter, converting  this  matter  into  a fubftance  of  the 
fame  nature  or  form,  with  that  part  to  which  it 
was  applied,  and  thus  fitting  it  for  i\\q  grozz'ih  or 
increafcy  as  well  as  the  aliment  of  the  part.  But 
then  they  alfo  eoniidered  nauiral  life  as  only  pof- 
fefled  of  thefe  powers,  bccaufe  it  was  the  imme- 
diate agent  ol  rnihd : lor  mind  is  evidently  the 
cf  form  to  all  things  formed  by  man  i and  the  caufe 
of  union  or  corijiintiion,  to  all  things  united  or  con- 
joined by  art. 

It  is  hardly  polTiblc  not  to  agree  in  many  re- 
fpeds  v\  uh  thefe  ancient  fages;  for  when  you  look 
round  w irh  a pbiiofophic  eye,  and  contemplate  the 
univerfe  with  fedulous  attention,  you  will  find,  , 
that  there  is  no  either  hcautifuly  great,  mar^ 

vellous,  or  Icrrihle,  bill  w hat  proceeds  from  fire. 

It  can  therefore  be  no  matter  of  furprife,  that 
after  the  difeovery  of  cledlricity,  it  was  confidercd 
as  the  phyfical  caufe  of  motion,  irritability,  ike. 
but  it  is  fiirely  a fubject  of  regret,  that  medical  men 
have  Ihcwn  fuch  leludancc  to  the  invcBigation  of 
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this  fubjed-,  aad  that  too  many  have  in  every  pof- 
lible  way  endeavoured  to  difcountenance  it’s  ap- 
plication in  medicine  ; though  the  agency  of  this 
fluidi  ^nd  iV s exijhnce  in  animated  nature^  has  been 
fo  fully  proved  by  a variety  of  experiments,  that 
there  can  be  very  little  doubt,  that  it  is  elTentially 
Connedlcd  with,  and  continually  exerting  it’s  in- 
fluence on  the  human  frame.  I fhall  here  lay  be- 
fore you  fome  further  inftances  to  corroborate 
what  has  been  already  advanced.  By  means  of  a 
fmall  condenling  plate,  Mr.  Cavallo  obtained  very 
Jenfihle figns  of  elediricity  from  various  parts  of  his 
(nvn  body^  and  the  head  of  almoft  any  other  perfon. 
The  (Irong  ele(itricity  obtained  in  frofty  weather 
from  filk  Itockings,  &c.  on  being  pulled  off,  as 
well  as  that  obtained  by  combing  the  hair,  have 
been  long  known.  Among  others,  Mr.  Brydone 
mentions  a lady,  w’ho,  on  combing  hefr  hair  in  frofly 
weather  in  the  dark,  had  obferved  fparks  of  pre 
to  iffue  therefrom.  This  made  him  think  of  try- 
ing to  colled  the  eledrical  fire  from  human  hair 
alone.  To  this  end,  he  defired  a young  lady  to 
ffand  on  wax,  and  comb  her  filter’s  hair,  who  was 
fitting  in  a chair  before  her;  foon  after  fhe  had  be- 
gun to  comb,  the  young  lady  on  the  wax  was  fur- 
prifed  to  find  her  whole  body  eledrified,  and  dart- 
ing out  fparks  of  fire  againft  every  objed  that 
approached  her.  Her  hair  w^as  ftrongly  eledrical, 
and  affeded  an  eledrometer  at  a confiderable  dif- 
tance.  He  charged  a metallic  conductor  from  ir>: 
and  in  the  fpace  of  a few  minutes  colleded  a fuf- 
ficient  quantity  of  fire  to  kindle  common  fpirits', 
and,  by  means  of  a fmall  jar,  gave  many  fmart 
ftrokes  to  all  the  company. 

When  the  difeoveries  in  this  fcience,  fays 
Mr.  Brydone,  are  further  advanced,  we  may  find, 
that  w'hat  we  call  Icnfibility  of  nerves,  and  manv 
other  difeafes,  which  are  known  only  by  name,  are 
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owing  to  the  bodies  being  pofrcfTcd  of  too  largr 
or  too  fmail  a quantity  of  this  fubtil  fluid,  which 
is  perhaps  the  vehicle  of  all  our  feelings.  It  is 
known,  that  in  damp  and  hazy  weather,  when  this 
lire  is  blunted  and  abforbed  by  the  humidity,  it\ 
adivity  is  lefiened,  and  what  is  colledled  is  foon 
diflipated  ; then  our  fpirits  are  more  languid,  and 
our  fenlibility  is  lefs  acute.  And  in  the  fierce 
wind  at  Naples,  when  the  air  feems  totally  de- 
prived of  it,  the  whole  fylfem  is  unflrung,  and  the 
nerves  feem  to  lofe  both  their  tenfion  and  elafti- 
ciiy,  till  the  north-weft  wind  awakens  the  activity 
of  the  animating  power,  which  foon  reftores  the 
tone,  and  enlivens  all  nature,  which  feemed  to 
droop  and  languifli  in  it’s  abfence:  nor  can  this  ap- 
pear furpriflng,  if  it  is  from  the  dilTerent  ftate  of 
this  fire  in  the  human  body,  that  the  ftridum  and 
laxum  proceeds,  and  not  from  any  alteration  in 
the  fibres  themfelves,  or  their  being  more  or  lefs 
braced  up,  (among  which  bracers  cold  has  been 
reckoned  one,)  though  the  mufeubr  parts  of  an 
animal  arc  more  braced  when  they  are  hot,  and 
relaxed  when  they  arc  cold. 

From  the  perpetual  clcftricity  of  the  atmo- 
fphere,  which  is  no  longer  a problem,  as  it’s  ex- 
iflence  and  agency  in  that  mal's  of  air  which  fur- 
rounds  our  globe,  has  been  afeertained  by  nume- 
rous, clear,  and  decifive  cxperinuTits,  it  feems  but 
jufl  to  infer,  that  it  mufl  exert  a certain  influence 
on  all  the  beings  contained  therein,  and  princi- 
pally on  organized  bodies,  among  which  the  human 
frame  claim,  the  pre-eminence. 

Ikit  there  is  no  necelfiiy  lor  dedudions  from  a 
general  view  of  nature,  for  we  arc  now  in  poflef- 
fion  of  facts,  which  prove,  that  it  is  a principal 
agent  in  promoting  the  fun6tions  of  animated 
beings;  as  in  th.e  gymnotus  electric  us  torpedo,  and 
filurus  eUdneus,  For  the  fimilitude  cfkablifhcd  , 
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between  the  cle6trical  fluici  oi  thefe  animals,  and 
that  of  nature  at  large,  is  fuch,  that  in  a phylical 
fenfe  they  may  be  conlkicrcd  as  the  fame. 

Of  the  later  Experiments  on  Animal  Elec- 

1'  R I C I T . 

When  Mr.  Walfli  fird  attributed  the  fen- 
fations  produced  by  the  torpedo,  See.  to  cleclri- 
city.  his  opinions,  and  the  inferences  deduced  from 
his  experiments,  were  vehemently  oppofed  by  moll 
of  the  beft  eleehricia-is  of  the  day  : the  conceptions 
of  thefe  men  being  limited  to  the  minutiae  of  ex- 
periments, they  -were  incapable  of  grafping  a more 
extenfive  fubject,  or  one  that  was  not  in  all  re- 
fpeels  conformable  to  the  appearances  they  were 
ufed  to.  Whereas  a jull  view  of  things  Ihould 
have  prepared  them  to  expect  various  anomaliee, 
whiici  they  wer.e  inveftigating  the  nature  of  an  in- 
vifible  and  fubti.l  ageiit,  fubjedt  to  a variety  of 
modifications  from  the  fubllance  through  which 
it  palTes,  or  with  which  it  may  be  combined. 
Hence  in  the  purfuit  of  animal  eledtricity,  you 
mufl  not  exoedt  to  meet  .with  every  electric  lien, 
as  from  the  very  nature  of  it’s  connedion  wdth  ani- 
mated beings,  it  will  certainly  acquire  properties 
that  are  pot  to  be  found  when  it  is  difengaged 
therefrom. 

Before  I relate  any  of  the  experiments  of 
Valli,  &c.  I fliall  lay  before  you  thofe  principles 
which  I conceive  wdll  throw'  great  light  on  the 
fubjed  of  animal  eledricity^  and  by  which  they 
may  be  reconciled  to  the  general  agency  of  nature. 
You  have  fecn  by  a great  variety  of  experiments, 
that  cledricity  is  always  firj}  rendered  fenfible  by 
a Joliition  of  continuity  \ you  have  alfo  every  reafon 
to  fuppofe,  that  the  elefiric  matter  is  carrying  on 
it’s  moll  important  fuiktions,  when  vve  are  unable 
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to  perceive  any  figns  electricity;  you  have  feen 
that  the  ele5iric  matter^  and  what  we  term  elec^ 
tnciip  arc  not.  infeparable  beings,  that  the  one 
may  lubfift,  when  the  other  ceafes  to  appear.  As 
the  air  may  occupy  a fpace  without  producing 
found  ; fo  the  eledric  matter  may  refide  in  a body, 
exhibit ing  any  ele^lric  figns.  We  know  alfo 
y univeifal  obfervation,  as  well  as  partial  experi- 

^ principle  in  all  bodies, 
\vhich  IS  continually  endeavouring  to  extend  their 

whofe  energies  are  continually  counter- 
acted by  an  exterior  force.  Now  it  muft  be  evi- 
dent, that  every  folution  of  continuity  will  o-ive  an 
opportunity  for  this  expanfive,  dilating  fubftance 
to  efcape,  when  it  puts  on  new  and  unexpected 
appearances.  Now  as  we  know  this  expandino- 
fubftance  is  fire,  and  have  a proof,  that  on  it’^ 
efcape  it  exhibits  eledric  figns,  we  have  a further 
confirmation  of  the  identity  ot  thefe  elements. 

I think  this  view  of  the  fubjed  is  in  itfelf  a 
fufficient  refutation  of  Dr.  Munro’s  attempt  to 
prove,  that  the  nervous  fluid  or  energy  is  not 
the  fame  with  the  eledrical  ;*  though  many  other 
arguments  may  be  adduced  to  anfwer  the  fame 
purpofe. 

His  difficulty  in  conceiving  how  the  eledri- 
cal  fluid  can  be  accumulated  within  our  nervous 
fyllem  is  not  greater  than  that  of  conceiving  how 
it  is  accumulated  amidft  a conduding  fluid  in  the 
torpedo,  &c.  ; nor  indeed  than  of  it’s  being  accu- 
mulated in  the  Leyden  phial,  as  glafs  is  now  known 
to  be  permeable  thereto.  But  the  difficulty  with 
refped  to  animals  vaniflies,  w hen  we  coniider  that 
eledirical  appearances  are  occafioned  by  a Jlate  of  the 
fluid  altogether  different  from  that  under  which  it 
exifls  in  the  animal  frame-:,  when  it  is  in  the  latter, 
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it’s  powers  arc  united,  and  it’s  operations  imper- 
ceptible; when  it  appears  as  clecl:ricity,  it’s  powers 
are  divided,  and  (bine  of  their  clfetts  rendered 
fenlible. 

So  far  as  ?fiechanicdl  /Iimiili  have  any  relation 
to  fire,  fo  far  they  will  be  in  fome  degree  fimilar  to 
the  elearical  fluid,  and  acl  in  the  (lime  manner  ; 
for  Simulants  ad;  only  as  they  are  the  vehicles  of 
fire.  The  fecond  objection  therefore  of  the  profefTor 
falls  to  the  ground.  The  lame  rcafoning  applies 
to  his  fixth  objection. 

His  fourth  rcafon,  fo  far  from  proving  that 
the  nervous  and  clecl:rical  fluids  arc  not  the 
fame,  may  be  confidcred  as  a ejear  proof  of  their 
identity,  for  the  two  eledrical  powers  always  ad 
in  oppofite  diredions. 

On  the  fame  principle  the  nervous  energy 
{the  eledrical  fluid  in  it’s  united  flate)  cannot  pals 
readily  up  or  down  a nerve  that  has  beein  tied  or 
cut,  for  the  tying  or  cutting  the  nerve  changes 
the  flate  of  the  fluid. 

Before  1 proceed  to  give  you  an  account  of 
the  experiments  relating  to  animal  clcdricity,  1 
dhall  lay  before  you  fome  remarks  of  the  Rev. 
Mr.  William  Jones, from  whom  we  have  already 
profited  fo  much  in  the  courfe  ot  thefe  Ledures, 
and  which  are  intimately  conneded  with  our 
fubjed.  As  the  force  of  the  eledrical  fluid  (fays 
he)  is  principally  exerted  on  the  nerves  and  ten-- 
dons  of  the  body,  there  is  rcafon  to  believe  that  this 
fluid  is  the  fame  with  fojnet hi n^,  which  many 

phyficians  have  difeourfed  upon,  under  the  name 
of  animal  Jpirits.  The  nerves  do  not  appear  as. 
if  thev  were  defiffncd  to  admit  anv  animal  fluid  or 
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liquor,  unlefs  it  be  an  indolent  lymph  ncceflary  to 
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keep  them  moifl:  but  their  pdlucidity  indicates 
th^  they  are  properly  adapted  to  give  a diredt 
paffage  to  the  fluid  U^ht , for  they  are  tranfparen^ 
and  that  not  tranfverfely,  but  longitudinally,  or  in 
the  dyedion  of  their  fibres.  This  Mr.  Jones  ob- 

wh  ch  he  had  procured  for  diffedion,  lay  on  the 
ble  ; one  of  thefe  eyes  Jhone  in  the  day  time, 
much  in  the  fame  manner  as  the  eyes  of  fome  ani- 
mals do  in  the  dark  ; on  examining  into  this  cir- 
cumftance,  he  found  that  if  his  hand  were  inter- 
pofed  between  the  neareft  window  and  the  ex- 
tremity of  the  optic  nerve  (a  part  of  which,  nearly 
an  inch  in  length,  remained  with  the  eye,  and  was 
accidentally  pointed  towards  the  window')  thelieht 
immediately  difappeared.” 

^^his  he  w'as  led  to  confider,  w'hether  the 
tg.^t  that  appears  in  the  eyes  of  fome  animals  in 
the  night  time,  is  really  a reflection  of  light  from 
the  eye,  as  is  commonly  fuppofed  ; or  whether  it 
docs  not  rather  pa/s  into  the  eye,  through  the  optic 
nerve,  from  the  body  of  the  animal  ? It  is  not  eafy  to 
conceive  how  this  fhining  can  be  occafioned  by  a 
reflexion  of  light  from  the  choroides  in  the  bottom 
of  the  eye,  when  the  light  to  be  refleaed  (as  in  a 
dark  night)  is  not  vifible  before  it’s  entrance  into 
the  eye.  If  a candle  be  held  before  the  eyes  of  a 
dog,  and  you  place  yourfelf  in  the  line  of  refledion, 
the  light  will  be  vifibly  refleaed  from  his  eyes, 
becaufe  the  illumination  is  fufficicntly  firong  : but 
when  there  is  no  vifible  illumination  at  all,  how 
fhould  It  account  fo|*  the  like  effea?  Whence  it  is 
more  rcafonablc,  that  this  appearance  fhould  be 
owing  to  a light  from  within  the  body  of  the  ani- 
mal, which  being  weaker  than  the  light  of  the  day, 
but  flronger  than  the  light  of  the  night,  is  vifible 
ill  the  night,  but  not  in  the  day.  The  light  of  other 
bodies  which  fhine  in  the  dark  is  inherent  in  thofc 
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bodies,  as  in  putrifying  veal,  fifli,  rotten  wood, 
phofphorus,  the  glow-worm,  &c.  concerning  the 
laft  of  thefe,  the  eminent  anatomift  and  philofo- 
pher,  T.  Bartholine,  has  the  following  obfervation. 
If  a glow-worm  be  examined,  it  will  appear  to  have 
a lucid  liquor  in  the  hinder  parr  of  it’s  body, 'where 
the  heart  is  placed,  by  which  the  heart  is  moved 
and  illuminated  ; and  this  fiuid  retains  it’s  light' 
fo  long  as  the  heart  of  the  infed;  retains  it’s  life 
and  motion.  < 

Dr.  Prieftley,  in  his  Heads  of  Ledures  on  a 
courfe  of  experimental  Philofophy,”  has  given  fo* 
excellent  and  compendious  a view  of  the  princi- 
pal experiments,  that  have  been  made^by  Valli  and 
others  to  determine  the  eledricity  of  animals,  that 
I cannot  do  better  rhaii  lay  it  before  you ; which 
I the  more  readily  do,  as  it  will  fave  us  from  the 
difgulling  derail  of  a variety  of  cruel  experiments/' 
experiments  that  I hope  you  will  never  be  induced 
to  repeat.  One  alone  will  fuffice  to  give  you  an^ 
idea  of  the  nature  of  thefe  operations. 

Mr.  Valli  opened  the  abdomen  of  a frog,  iii 
order  to  lay  bare  the  fpine  of  the  back,  and  dif-  ' 
cover  the  crural  nerves  which  iffue  from  it ; a few 
lines  above  this  point,  he  cut  the  animal  in  two, 
and  palling  his  fcilTars  immediately  under  the  ori- 
gin of  thefe  nerves,  removed  the  remaining  por- 
tion of  the  vertebral  column,  fo  as  only  to  leave 
the  vertebral  w^hich  united  the  bundle  of  nerves; 
this  portion  of  the  vertebrse  was  enveloped  with  a 
piece  of  fhect-lead  ; the  coated  part  was  touched 
with  one  end  of  a metallic  condudor,  and  with  the 
other  the  furface  of  the  thighs  which  wxre  pre- 
vioufly  dripped  of  their  fkins.  The  movements 
produced  thereby,  were  violent,  and  continued  for 
a long  time. 

Having  thus  explained  to  you  the  manner  in 
which  the  animal  is  prepared  for  thefe  experiv- 
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incnts,  I fhall  proceed  to  point  out  the  principal 
refults,  as  furnilhed  by  Dr.  Prieftley.  ^ 

The  nerve  of  the  limb  of  an  animal  being  laid 
bare,  and  furrounded  with  a piece  of  fheet-lead, 
or  of  tin-foil,  if  a communication  be  formed  be- 
tween the  nerve  thus  armed  and  any  of  the  neierh- 
bouring  mufeies,  by  means  of  a piece  of  zme, 

flrong  contrad;ions  will  be  produced  in  the 
limb. 

If  a portion  of  the  nerve,  which  has  been 
laid  bare,  be  armed  as  above,  contradions  will  be 
produced  as  powerfully,  by  forming  the  commu- 
nication between  the  armed  and  bare  part  of  the 
nerve,  as  between  the  armed  part  and  mufcle. 

A fimilar  effed  is  produced  by  arming  a nerve, 
and  limply  touching  the  armed  part  of  the  nerve 
with  the  metallic  conductor. 

Contradions  will  take  place  if  a mufcle  be 
armed,  and  a communication  be  formed  by  means 
of  the  condudor  between  it  and  a neighbouring 
nerve ; the  fame  edeft  wdll  be  produced  if  the  com-r 
munication  be  formed  between  the  armed  mufcle 
and  another  mufcle,  which  is  contiguous  todt. 

Contradions  may  be  produced  in  the  limb  of 
an  animal,  by  bringing  the  pieces  of  metal  into 
contact  with  each  other  at  fome  diftance  from  the 
limb,  provided  the  latter  make  part  of  a line  of 
communication  between  the  two  metallic  con- 
dudors. 

The  experiment  which  proves  this  is  made 
in  the  following  manner.  The  amputated  limb 
of  an  animal  being  placed  upon  a table,  let  the 
operator  hold  with  one  hand  the  principal  nerve, 
previoufly  laid  bare,  and  in  the  other  let  him  hold 
a piece  of  zinc;  let  a fmall  plate  of  lead  or  lilver 
be  then  laid  upon  the  table  at  fome  didance  from 
the  limb,  and  a communication  be  formed  bv 
means  of  water  between  the  limb  and  the  part  of 
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the  table  where  the  metal  is  lying.  If  the 
operator  touch  the  piece  of  filver  with  the 
zinc,  contradlions  will  be  produced  in  the  limb, 
the  moment  that  the  metals  come  into  contadl 
with  each  other.  The  fame  effedb  will  be  pro- 
duced, if  the  two  pieces  of  metal  be  prcvioufly 
placed  in  contadl,  and  the  operator  touch  one  of 
them  with  his  finger.  This  fadt  was  difeovered 
by  Mr.  William  Cruikfhank. 

0 

Contractions  can  be  produced  in  the  ampu- 
tated leg  of  a frog,  by  putting  it  into  water,  and 
bringing  the  two  metals  into  contaeft  with  each 
other,  at  a fmall  diftance  from  the  limb. 

The  influence  which  has  pafied  through,  and 
excited  contractions  in  one  limb,  may  be  made  to 
pafs  through,  and  excite  contractions  in  another 
limb.  In  performing  this  experiment,  it  is  ne- 
ceflary  to  attend  to  the  following  circumftances  ; 
let  two  amputated  limbs  of  a frog  be  taken,  let 
one  of  them  be  laid  upon  a table,  and  it’s  foot  be 
folded  in  a piece  of  filver  ; let  a perfon  lift  up  the 
nerve  of  this  limb  with  a filver  probe,  and  another 
perfon  hold  in  his  hand  a piece  of  zinc,  with  which 
he  is  to  touch  the  filver,  including  the  foot;  let 
the  perfon  holding  the  zinc  in  one  hand,  catch  with 
the  other  the  nerve  of  the  fecond  limb,  and  he 
who  touches  the  nerve  of  the  firfi  limb,  is  to 
hold  in  his  other  hand  the  foot  of  the  fecond  ; let 
the  zinc  now  be  applied  to  the  filver  including 
the  foot  of  the  firfi  limb,  and  contractions  will 
immediately  be  excited  in  both  limbs. 

The  heart  is  the  only  involuntary  mufcle,  in 
which  contractions  can  be  excited  by  thefe  expe- 
riments ; contractions  are  produced  more  firongly, 
the  farther  the  coating  is  placed  from  the  origin  of 
the  nerve. 

Animals,  which  were  almofi  dead,  have  been 
found  to  be  confiderably  revived  by  exciting  this 
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influence.  When  thefe  experiments  are  rcpcateci 
upon  an  anirnal  that  has  been  killed  by  opium,  or 
by  the  eledlric  fhock,  very  flight  contradions  are 
produced,  and  no  contradions  whatever  will  take 
place  in  an  animal  that  has  been  killed  by  cor- 
rofive  fublimate,  or  that  has  been  flarved  to 
death.  Zinc  appears  to  be  the  beft  exciter  when 
applied  to  gold,  filver,  molybdena,  fleel,  or  cop- 
per; the  latter  rnctals,  however,  excite  but  feeble 
contradions  when  applied  to  each  other ; next  to 
zinc,  in  contad  with  thefe  metals,  tin  and  lead 
appear  to  be  the  mofr  powerful  exciters. 

It  has  been  found,  that,  if  a plate  of  zinc  is 
applied  to  the  upper  part  of  the  point  of  the 
tongue,  and  a plate  of  filvcr  to  it’s  under  part,  on 
bringing  the  two  metals  into  contad  with  each 
other,  a pungent  difagreeable  feeling,  which  it  is 
difficult  to  deferibe,  is  produced  in  the  point  of  the 
tongue.  And  if  a plate  of  zinc  is  placed  between 
the  upper  lip  and  the  gums,  and  a plate  of  gold 
applied  to  the  upper  or  under  part  of  the  tongue, 
on  bringing  thefe  two  metals  into  contad  with 
each  other,  the  perfon  imagines  that  he  fees  a flalh 
of  lightning,  which,  however,  a by-flander  in  a 
dark  room  does  not  perceive  ; and  the  perfon  per- 
forming the  experiment  perceives  the  flafh,  though 
he  is  hood-winked.* 

After  performing  this  experiment  repeatedly. 
Dr.  Munro  conflantly  felt  a pain  in  his  upper 
jaw,  at  the  place  to  which  the  zinc  had  been  ap- 
' plied,  which  continued  for  an  hour  or  more;  and 
in  one  experiment  after  he  had  applied  a blunt 
probe  of  zinc  to  tlic  feptum  narium,  and  repeat- 
edly touched  w'ith  a crown  piece  of  filver  ap- 
plied to  the  tongue,  and  thereby  produced  the  ap- 
pearance of  a iialh,  feveral  drops  of  blood  fell 

from 
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STom  rliTl  nofiril;  and  Dr.  Fowler,  after  making 
inch  an  experiment  011  his  ears,  obfervcd  a linii- 
iai  effect. 

Resemblance  of  the  Fluid  put  in  Motion  by 
THE  foregoing  EXPERIMENT,  TO  THE  ELECTRI- 
CAL Fluid.* 

The  fluid  fet  in  motion  by  the  application  of 
the  metals  to  each  other,  and  to  animal  bodies,  or 
to  water,  agrees  with  or  refembles  the  cledtrical 
ffuid  in  the  following  refpeefts: 

Like  the  cicdrical  fluid,  it  communicates 
the  fenfe  of  pungency  to  the  tongue. 

Like  theeledrical  fluid,  it  is  conveyed  readily 
by  wate.^,  blood,  the  bodies  of  animals,  the  me- 
tals; and  is  arrefted  in  it’s  courfe  by  glafs,  fealing- 
wax,  &c. 

It  pafTes,  with  ffmilar  rapidity,  through  the 
bodies  of  animals.  ' 

Like  the  eledrical  fluid,  it  excites  the  adivity 
of  the  vcflels  of  a living  animal;  as  the  pain  it 
givEs,  and  hemorrhagy  it  produces,  feemsto  prove,. 
Hence,  perhaps,  it  might  be  employed  with  ad-r 
vantage  in  amenerrhoea.  It  excites  convulffons  of 
the  mufcles  in  the  fame  manner,  and  with  the 
fame  effeds  as  clcdricity. 

When  the  metals  and  animal  are  kept  ffea- 
dily  in  contad  with  each  other,  the  convulffons. 
ccafc,  or  an  equilibrium  feems  to  be  produced,  as 
softer  difeharging  the  Leyden  phial. 

General  Observations, 

A view  of  the  great  agents  in  nature  naturally 
teads  us  to  conffdcr  the  opinion  of  thpfe  who  wiffi 
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to  fet  religion  andreafon  in  oppofition  to  each  other 
and  to  iuppofe  that  philofophy  and  revelation  can 
never  agree.  But,  in  oppofition  to  fuch  infidious 
attempts,  attempts  which  neyer  were  defigned  to 
enlarge  the  mind,  or  to  improve  the  heart,  it  may 

eafily  be  made  to  appear,  that,  take  philofophy  in 
It  s molt  improved  ftate,  enriched  by  thedifeoveries 
ot  ages,  examined  by  the  telt  of  the  clofeft  reafon- 
ing,  elevated  above  the  fallacies  of  the  fenfes,  and 
of  appearances;  and  yet,  in  this  improved  ftate 
r ! ^ound  pertcflly  to  correfpond  with  the 
pnilofophy  of  Icriptnre,  rightly  underftood.  The 
%i>ord  oi  God  is  as  perfeft  as  ms  work.  Both  pro- 
ceed from  the  one  fountain  of  truth,  who  cannot 
contradidt  himfelf.  His  Word  and  His  Work 
mutually  illultrate  each  other.  The  one  is  not  to 
be  underltood  without  the  other.  For  both  are  the 
offsprings  of  divine  love,  manifefted  in  ■wifdom 
and  exercifed  in  power.  ^ 

^ Creation  may  be  confidcred  as  the  grand 
chain  ot  cauTes  and  effedts,  intimately  connedted 
together.  It  IS  the  work  of  omnipotence^  guided 
by  infinite  wifdom,  and  excited  to  work  by  com- 
municadve  good.ncfs.  But  do  we  not  entertain 
wrong  ideas  on  rhi.s  important  fiibjedt,  if  we  ima- 
gine, that  any  part  of  this  grand  f>dem  flands  un- 
connected? or,  as  if  the  Great  Mafier  Builder 
obliged  to  col  led  difeordant  materials  from  dif- 
ferent pai  ts,  and  overcoming  the  repugnance  of 
their  nature.s,  to  form  one  whole  out  of  thefe  he- 
terogeneous fubftances?  Whereas,  the  truth  ap- 
pears to  be,  that  in  his  divine  hand,  the  one  na- 
turally and  orderly  produces  the  other;  that  which 
was  the  cited  ot  a prior  principle,  becomes  the 
caufe  of  that  \vhich  follows  it  immediately;  and 
again,  this  effed  becomes  an  inftrumental  caufe  in 
it’s  turn;  and  is  thus  extended  in  a long  ferics,  un- 
til all  are  completed  in  outward  nature. 
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Let  us  examine  how  this  will  agree  with  the 
Mofaical  account  of  the  creation;  for,  although 
we  may  readily  allow,  that  that  book  contains 
more  interefting  and  important  fubjedis,  than  the 
detail  of  the  mere  creation  and  formation  of  this 
material  fyftem ; yet  the  natural  account,  when 
rightly  underftood,  may  be  found  to  be  mofb  ac- 
curate, philofophical,  and  juft.  The  great  and 
fpiritual  truths,  conveyed  under  that  form,  may 
yet  be  delivered  down  to  us  in  a vehicle  of  the  moft 
accurate  philofophical  truth;  the  ftriclerthe  truth, 
the  greater  and  more  perfeeft  the  analogy  and  cor- 
rcfpondence ; but  it  feems  to  have  been  the  pecu- 
liar fate  of  thefe  fublime  and  ancient  writings  of 
the  Hebrew  fage,  that  they  have  been  fuppofed  to 
contain  what  they  did  not,  whilft  their  real  and 
moft  important  contents  have  been  greatly  over- 
looked. The  ideas  of  the  Divine  Mind  difclofed, 
the  energies  of  his  almighty  will  exerted,  produced 
motion  in  different  degrees,  as  the  inftrumental 
caufe  for  future  prodtuffions.  Hence  the  motion 
of  fpirits,  of  minds,  of  life,  of  thought,  of  light, 
of  ,the  heavenly  bodies,  of  blood,  and  of  the  fap. 
Hence  this  motion,  dependent  and  continued  from 
the  one  fource  of  life  and  motion,  may  be  con- 
fidered  as  the  key  of  natural  knowledge,  which 
opens  the  temple  of  phyffcal  truth.  ^ Motion  is 
the  vilible  difeovery  of  the  divine  hand  ; motion  is 
the  grand  connedling  link  between  the  fpiritual 
and  natural  worlds  ; by  this  the  energies  of  the  one 
arc  imprefted  on  the  other. 

Ihis  motion,  proceeding  from  a pure  and 
fuperior  fyftem,  w’as  at  ffrft  moft  perfeeft  and  full, 
unencumbered  by  matter,  unimpeded  by  obftruc^ 
lions. 

Now',  in  the  firft  day\  (or  in  the  ffrft  ffatc  of 
creating  things ; for  as  yet  there  was  no  fun  and 
earth,  and  therefore  no  mcalure  of  day  and  night;] 

in 
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in  this  firft  ftate  of  things,  the  feripture  fay?,, 
LIGHT  was  formed,  or  rather  the  matter  of  light^" 
by  the  means  of  pure  original  motion.  Now 
matter  of  light  is  elementary  fire.  This  is  evident 
from  the  mod  intimate  relation  between  fire  and 
light  ; light  being  only  an  effed,  an  outward  vifible 
manifefiation  of  latent  fire. 

This  pure  elementary  /rd’,  the  matter  or  fub- 
flanceof  light,  produces  that  rapid  niotion  of  light 
from  the  funorftars  to  the  earth,  travellingwith  fuch 
amazing  velocity.  Fire  and  light  combined,  pro- 
duced air,  or  the  firft  and  pureft  etherial  particles; 
and,  therefore,  in  the  Mofaical  account,  the  firma- 
ment, the  expanfe,  or  the  atmofphere  of  the 
AIR,  ^ was  the  Jecond  day’s  work,  or  the Jecond  (late 
of  things  in  their  progrefs  to  perfed-ion  and  fulnefs. 
This  elementary  principle  is  not  fo  fubtil  and  adlive 
as  it’s  parents,  fire  and  light;  yet  it  is  more  fubtil 
and  active  tnan  vapour  or  water  ; therefore  it 
holds  the  intermediate  rank  between  thefe,  and  is 
a connecting  link  in  the  great  chain,  as  it  is  pro- 
duced by  fire  and  light ; fo  again,  when  partly  de- 
prived of  thefe,  it  is  the  inflrumental  caufe  to  form 
the  vapours  and  water.. 

That  and  light  produce  air,  may  be  illuf* 
trated  by  various  experiments ; the  rcfpiration  of 
plants,  and  the  purity  of  the  air,  which  they  pro- 
duce, when  expefed  to  the  agency  of  light ; and  the 
great  quantities  of  difierent  aits  produced  in  various 
chemical  experiments  by  the  activity  of  fire. 

Air  condenfed,  expoled  to  obli ructions,  and 
thus  deprived  of  the  greatelf  portion  of  it’s  cthe- 
rial  lire,  becomes  firlt  vapour  and  as  the  fire  dif- 
lipates,  and  the  motion  ccafes,  it  becomes  water 
in  the  various  forms  of  w///,  dew,  rain,  &c.  In 
this  ftate,  it  is  almolt  entirely  deprived  of  it’s  ori- 
ginal motion  ; is  lefs  fubtil,  and  more  grofs  ; is 
become  an  objeCt  of  the  outward  fenfes,  and  is  fub- 
ject  to  the  laws  of  gravitation. 
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Water  is  the  great  fiipport  of  animal  and  ve- 
getable fubftances,  which  at  length  are  reduced  to 
earth  in  their  various  changes,  from  the  firfl:  prin- 
ciples of  a^live  nature,  down  to  the  lowed:,  grolfed: 
material  form  ; from  the  fountain  of  life,  from 
the  architvpal  ideas  ot  the  Divine  Mind,  through 
fpirits  to  fire,  light,  ether,  air,  water,  earth,  down 
to  duggidi  inert  matter. 

Fire^  light y air^  and  water y may  then  be  con- 
Edcred  as  the  grand  agents  in  nature.  The  earth 
is,  as  it  were,  a bads  for  them  to  reff  and  to  work 
upon.  In  thefe,  the  circulation  of  motion  in  it’s 
defeent  and  deo;rees  is  ureferved,  and  the  earth  is  a 
nidus  where  they  refl,  and  where  their  efredls  are 
inani felled.  Thus  was  there  a regular  and  beau- 
tiful defeent  from  the  fpirituai  to  the  natural  wmrld, 
from  motion  to  red:.  The  wondrous  fabric  of  the 
earth  was  not  built  of  difeordant  materials,  of 
jarring  elements,  forcibly  reflrained  by  the  divine 
hand  continually  checking  them;  but  the  homo- 
geneous fubdance  arofe  in  a wife  and  orderly  feries. 
Each  part  being  preparatory  for  that  which  was  to 
fucceed ; every  thing  being  a link  in  the  great 
chain  of  order  and  ufefulnefs;  an  indrumental 
caufe  to  produce  the  fucceeding  effedl,  until  all  was 
finidied  and  complete,  nature  flood  perfect:  in 
outward  matter:  creation  was  no  long-er  all  fire, 
light,  air,  or  w'ater;  but  each  retained  it’s  rcfpec- 
tive  rank;  and  the  grofs  material  world  was  pro- 
duced, able  to  fudain  minerals,  plants,  animals, 
and  man. 

Thus  did  the  Divine  Architect  accomplifl:^ 
this  great  and  flupendous  work,  by  the  moll  fimple 
means  ; by  a regular  defeent  from  the  fpirituai  to 
the  natural  world ; a continued  feries  proceeding 
from  the  highefl  to  the  lowed,  from  the  purell 
motion  to  inadivity,  from  the  highcll  principles 
of  intelligent  mind,  down  to  the  lowed,  grolted, 
VoL.  IV.  F f heaviell 
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heavicft  matter.  Thus  were  all  things  ordered  in 
infinite  wifdom  : caufes  were  employed,  moft  fim- 
ple  and  prolific,  to  accomplifii  the  end  defigned. 
Creation  was  accompliflied : the  earth  flood  com- 
plete: the  work  of  divine  power  refulting  from 
divine  wifdom  and  7nercy.  It  M^as  made  the  theatre 
of  h\s  goodnefsy  on  which  he  might  difplay  it,  and 
communicate  it  to  his  various  creatures,  who  thus 
might  rejoice  in  their  exiftence;  and  manifefl  his 
praife,  by  enjoying  happinefs,  and  riflng  in  perfec- 
tion through  endlefs  ages. 

Thus  was  the  earth  defigned  to  be  the  repo- 
fltory  of  the  human  race,  the  feminary  of  men  ; 
until,  full  of  years  and  wifdom,  they  were  ripe  for 
a happier  change;  were  prepared  to  quit  the  pe- 
rifliing  body,  and  to  be  tranfplanted  into  aparadife 
of  endlefs  delights. 

The  whole  material  fyftem  was  alfo  a volume 
of  divine  inflrudion  opened  to  man,  in  which  he 
might  read  and  underfland,  and  live  for  ever  ; in 
which  he  might  difeover  immenfe  benevolence,  de- 
fign,  and  order ; and  thus  be  led  to  underfland,.  and 
to  adore  him  who  is  the  fource  all  things. 
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LECTURE  L. 

On  Magnetism.'*' 

^^HOUGH  the  phenomena  of  the  magnet  have 
for  many  ages  engaged  the  attention  of  natu- 
ral philofophers,  both  from  their  lingularity  and 
importance  ; v/e  arc  not  yet  in  polTeflion  of  any 
hypothdis,  that  will  fatisfaclorily  account  for  the 
various  properties  of  the  magnet,  or  point  out  thofe 
links  of  the  chain,  that  conned  it  with  the  other 
phenomena  of  the  univerfe. 

It  is  known  by  the  works  of  Plato  and  Arif- 
totle,  that  the  ancients  were  acquainted  with  the 
attradive  and  repuHive  powers  of  the  magnet; 
but  it  does  net  appear,  that  they  knew  of  it^s  point- 
ing to  the  pole,  or  the  ufe  of  the  compafs.  That 
property  of  the  magnet,  whereby,  when  properly 
lufpendcd,  it  turns  towards  the  north  pole,  renders 
it  of  the  iitmofl;  fervice  to  mankind  in  general,  but 
more  particularly  to  an  Englifhman  ; the  riches  and 
power  of  whofe  country  depend  on  navigation. 

The  powers  of  the  magnet  excited  the  won- 
der ot  the  ancients;  they  were  to  them  inexplica- 
ble, and  remain  fo.  Pofterity,  infead  of  being 
able  to  remove  the  difficulties,  have  only  by  their 
refearches,  found  out  new  winders  equally  inex- 
plicable. All,  therefore,  that  I ffirdl  be  able  to 
do,  will  be  to  relate  to  you  the  principal  qualities 
of  this  curious  phenomenon.  The  mao-net  is  a 
proof,  that  nature  has  many  fecrets,  and  That  phii 
lofophy,  if  contented  with  prefent  knowledge, 
forgoes  mod:  valuable  and  interdfing  difeoveries^ 
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towards  which,  perhaps,  the  previous  fieps  are  al- 
ready tiodden.  From  it’s  adlion  on  the  compafs 
in  all  parts  of  the  world,  it  is  plain,  that  it’s  in- 
fluence is  univeiTal.  From  our  knoudedge  of  this, 
we  are  naturally  led  to  fuppofe,  that  there  may  be 
other  invifible  agents  exerting  their  influence  on 
us,  and  on  our  globe. 

Let  the  modern  philofopher,*  who  denies  the 
cxiflence  of  a God,  becaufe  he  cannot  perceive 
him  with  his  corporeal  eyes,  tell  you  what  nia^ne-^ 
tifrn'iSy  and  how  it  exifts.  Let  him,  wLo  wilTun- 
derftand  every  thing  that  exifts,  before  he  allow^s 
of  it’s  cxiftence,  firft  employ  himfelf  here;  and 
when  he  has  given  the  w'orld  a proof  of  his  powers, 
let  him  attempt  an  higher  fubjed:. 

^he  loadftoney  leading-Jione^  or  natural  mag^ 
nety  is  an  iron  ore  or  ferruginous  ftone,  found 
in  the  bowels  of  the  earth,  generally  in  iron  mines, 
of  all  forms  and  ftzes,  and  of  various  colours.  It 
is  endowed  with  the  property  of  attrading  iron ; 
and  of  both  pointing  itfelf,  and  alfo  enabling  a 
needle,  touched  upon  it,  and  duly  poifed,  to  point 
towards  the  poles  of  the  world. 

Loadftones  are  in  general  very  hard  and  brit- 
tle, and  for  the  moft  part  more  vigorous  in  propor- 
tion to  their  degree  of  hardnefs.  Conliderable 
portions  of  iron  may  be  extraded  from  them, 
Newman  fays,  that  they  are  almoft  totally  folubFe 
in  fpirit  of  nitre,  and  partially  in  the  vitriolic  and 
marine  acids. 

Mr.  Kirwan  fays,  that  the  magnet  feems  to 
contain  a fmall  quantity  of  fulphur,  is  often  con- 
taminated with  a mixture  of  quartz  and  argill;  it 
is  polhblc,  it  may  contain  nickel,  for  this,  when 
purified  to  a certain  degree,  acquires  the  proper- 
ties 

* Condorcct  and  many  of  his  fchool,  have  laughed  at  man- 
kind for  believing  in  an  inviilble  Being. 


Of  Magnetism. 


437 


ties  of  a magnet  ; but  it’s  conditution  has  not  as 
yet  been  properly  examined.* 

Artificial  magnets,  which  are  made  of  ftecl, 
are  now  generally  ufed  in  preference  to  the  natu- 
ral magnet ; not  only  as  they  may  be  procured 
with  greater  eafe,  but  becaufe  they  are  far  fuperior 
to  the  natural  magnet  in  flrength,  and  communi- 
cate the  magnetic  virtue  more  powerfully,  and  may 
be  varied  in  their  form  more  eafily,  fo  that  the  na- 
tural magnet  is  now  very  little  efteemed,  except  as 
a curiofity. 

The  power  of  attracting  iron,  Szc.  poflcfTed 
by  the  loadftone,  which  is  alfo  communicable  to 
iron  and  Heel,  is  called  magnetism.  It  has  been 
fuppofed,  that  iron  and  the  loadftone  were  the 
only  two  bodies  which  could  be  rendered  magne- 
tical ; but  it  now  appears,  that  nickel,  when  puri- 
fied from  iron,  becomes  more  inftead  of  lefs  mag- 
netic, and  acquires,  what  iron  does  not,  the  pro- 
perties of  a magnet,  f 

A rod  or  bar,  of  iron  or  fteel,  to  which  a per- 
manent polarity  has  been  communicated,  is  called 
a magnet. 

The  points  in  a magnet  which  feem  to  poftefs  the 
greatefi:  power,  or  lin  which  the  virtue  feems  to  be 
concentrated,  are  termed  the  poles  of  a magnet, 

^he  magnetical  meridian  is  a vertical  circle  in 
the  heavens,  which  interfeCts  the  horizon  in  the 
points  to  which  the  magnetical  needle,  when  at 
reft,  is  direcled. 

The  axis  of  a rnagnet  is  a right  line,  which 
palfes  from  one  pole  to  the  other. 

The  equator  of  a magnet  is  a line  perpendicular 
to  the  axis  of  the  magnet,  and  cxaftly  between 
the  two  poles. 


The 
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+ ibid.  p.  369. 
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The  diftinguifhing  and  characleriflic  proper-  - 
ties  of  a magnet,  are, 

Plrff,  It’s  attradtive  and  repnlfive  powers. 

Secondly,  The  force  by  which  it:  places  itfelf, 
when  fufpended  freely,  in  a certain  direction  to- 
wards the  poles  of  the  earth. 

Ihirdly,  It’s  dip  or  inclination  towards  a 
point  below  the  horizon. 

Fourthly,  The  property  which  it  poffeffes  of 
communicating  the  foregoing  powers  to  iron  or  Iteel. 

Of  the  Tendency  of  Iron  and*  a Magnet  to 

APPROACH  EACH  OTHER. 

This  curious  property  of  the  magnet  was  that 
by  which  it  was  firft  difcovercd,  and  by  which  it 
engaged  the  attention  of  the  curious. 

Every  fubftance  that  contains  iron,  is  more  or 
lefs  attradled  by  the  magnet.  And  fo  univerfally  is 
this  metal  difTeminated,  that  there  are  very  few 
fubftances  that  are  not  in  fome  degree  capable  of 
being  attradled  by  the  magnet.  You  will  find  it 
in  animals,  vegetables,  minerals, and  even  in  the  air.* 

Iron  is  attradled  with  different  degrees  of  force, 
according  to  the  different  fiates  of  it’s  exiftence  • 
but  it  never  becomes  quite  infenfible  to  the  mag- 
netic power.  Even  the  purefi:  calx,  or  the  com- 
pletefi:  folution  ever  made  of  the  metal,  when  ac- 
curately examined,  is  found  to  be  in  fome  degree 
obedient  to  the  magnet. 

To  ASCERTAIN  WHETHER  A BoDY  HAS  ANY  IrON^, 
OR  'IS  CAPABLE  OF  BEING  ATTRACTED  BY  THE 

Magnet. 

If  the  given  body  contains  evidently  a large 

quantity  of  iron,  on  bringing  a magnet  in  con- 

tadt 


♦ Cavallo  on  Magnetlfm,  p.  66. 
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ta(fl  therewith,  you  will  find  them  adhere  fo  flrongly 
as  to  require  a certain  degree  of  force  to  feparatc 
them.  If  the  body  be  not  fenfibly  attradled  by  the 
magnet  in  this  way,  then  you  may  float  it  by  a 
piece  of  wood  or  cork  on  water;  in  this  fituation 
it  is  more  ealily  aded  on,  and  confequently  fmall 
quantities  of  iron  arc  readily  difeovered.  The 
magnet  flrould  be  prefented  Tideways  to  the  body, 
and  w'hen  it  is  at  red,  it  is  fometimes  necefTary  to 
bring  the  magnet  within  one  tenth  of  an  inch  dif- 
tance  from  the  fvvimming  body  in  order  to  perceive 
the  attraction. 

A dill  fmaller  degree  of  attraction  may  be 
difeovered  by  placing  the  given  body  upon  quick- 
filver,  and  then  prefenting  a magnet  to  it.  The 
veflel,  in  which  the  quickfilver  is  contained,  fhould 
be  at  lead  fix  inches  in  diameter,  otherwife  the 
curvature  of  the  fluid  will  be  perpetually  carrying 
the  body  towards  the  Tides  of  the  vcifel.  The  > 
quickfilver  diould  be  pure,  and  occafionally  cleared 
by  palling  it  through  a funnel  of  clean  waiting 
paper  ; the  fmaller  the  aperture  of  the  funnel,  the 
better  it  w ill  anfwer  the  purpofe.  The  air  Ihould 
be  agitated  as  little  as  polTible.  Attending  to  thefe 
precautions,  you  will  feldom  fail  to  difeover  whe- 
ther a body  contains  any  ferruginous  particles. 

i place  a piece  of  iron  on  a cork,  and  put  the 
cork  into  a bafon  of  water.  1 prelent  a magnet 
to  it,  and  it  is  attra^^fed  thereby,  and  follows  the 
magnet,  fo  that  I can  move  it  w'ithout  touching, 
wherever  I pleale.  On  this  principle,  many  in 
genious  and  entertaining  pieces  of  mcchanifm  have 
been  contrived. 

The  tendency  between  the  magnet  and  the 
iron  is  reciprocal ; for,  if  the  magnet  be  put  on 
the  cork,  it  will  follow^  the  iron  in  the  fame  man- 
ner, as  this  followed  the  niagnet.  And  this  attrac- 
tion takes  place,  although  a piece  of  paper,  glafs, 

h t 4 brafs. 
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brafs,  &c.  be  interpofcd  between  the  magnet  and 
the  iron. 

The  reciprocal  tendency  of  iron  to  a magnet, 
and  of  a magnet  to  iron,  is  pleafingly  illudrated 
by  fufpending  a magnet  under  the  fcale  of  a bal- 
lance,  and  counterpoifing  it  by  weights  in  the 
otner  fcale  ; when  thus  counterpoifed,  bring  a 
piece  of  iron  towards  it,  and  the  magnet  will  im- 
mediately defeend.  Reverfe  the  experiment,  by 
fufpending  the  iron  from  the  fcalc,  and  the  iron 
will  now  defeend  and  follow  the  magnet. 

I place  a magnet  upon  a Hand,  toraife  it  fome 
dillance  from  the  table,-  I fliall  bring  a fmall  few- 
ing  needle  towards  it,  keeping  the  thread  which 
is  in  the  needle  in  my  hand,  to  prevent  the  needle 
from  fixing  itfelf  to  the  magnet ; and  the  needle 
endeavouring  on  one  hand  to  fiy  to  the  magnet, 
and  being  withheld  on  the  other  by  the  thread,  re- 
mains pleafingly  fufpended  in  the  air. 

Mathematicians  have  endeavoured  to  com- 
pute the  force  wdth  which  the  magnetic  attrablion 
a61s  at  different  diflances,  but  hitherto  without 
fuccefs.  No  law  has  been  afeertained,  upon  w hich 
any  dependance  can  be  placed. 

1 hough  many  experiments  have  been  made  to 
difeover,  whether  the  force  by  which  two  magnets 
are  repelled  or  attrabled,  adls  only  to  a certain 
diflance;  whether  the  degrees  of  it’s  affion  w’ith- 
in,  and  at  this  difiance,  is  uniform  or  variable, 
and  in  what  proportion,  to  the  difiances  it  increafes 
or  diniiniflies  ; yet  we  can  only  infer  from  them, 
that  the  magnetic  pow  cr  extends  further  at  fome 
rimes,  tlian  it  does  at  others,  and  that  the  fphere 
of  it’s  axfiion  is  variable. 

The  imaller  the  loadfione  or  the  magnet  is, 
the  greater  is  it’s  force,  ca’teris  parihnsy  in  pro- 
portion to  it’s  fize.  When  the  axis  of  a magnet 
is  fiiort,  and  of  courfe  it’s  poles  very  near,  their 
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action  on  each  other  weakens  the  magnetic  force. 
A variety  of  other  caufes  will  alfo  occahon  great 
irregularity  in  the  attraction  of  magiietifrn.  The 
attraction  is,  as  I fliall  (hew  you,  always  ftrongeit  at 
the  poles  of  the  magnet ; and  moft  fo  when  the 
body  is  near  the  magnet,  but  diminifhes,  as  either 
recedes  from  the  other.  It  appears  alfo  from  ex- 
periment, that  a magnet  attracts  another  magnet 
with  lefs  force,  than  it  docs  a piece  of  iron. 

Of  the  Poles  of  a Magnet. 

It  has  been  already  obferved  to  you,  that 
there  are  certain  points  of  a magnet  called  the 
polesy  which  are  poirdfed  of  the  greateh  magnetic 
force,  and  in  which  it’s  virtues  feem  as  it  were 
to  be  concentrated-  This  I fliall  prove  by  an 
eafy  experiment:  here  is  a parcel  of  fmall  iron  balls; 
I fhall  try  what  number  of  thefe  the  magnetic  bar 
will,  fuftain  at  different  places,  and  you  find  that  it 
fupports  the  greatefl:  number  near  the  ends  ; this 
will  anfwer  our  purpofe  in  the  firft  inhance ; you 
will  find  this  further  confirmed  by  the  fubfequent 
experiments,  defigned  to  point  outy  with  accuracy, 
thejitnation  of  the  poles  of  a magnet, 

I have  covered  a pane  of  glafs  with  writing 
paper,  that  the  difference  in  colour  may  enable 
us  to  difeern  more  diffindly  what  effcB  a magnet 
has  on  ffeel  flings  flrewcd  over  the  paper ; I place 
this  pane  over  a magnet,  fift  fome  Heel  filings 
thereon  ; thefe  you  fee  arrange  themfelvcs  in  a very 
curious  manner;  thofe  points  from  wdiich  the 
curves  feem  to  rife,  and  over  which  the  filings 
Hand  in  an  erect  pofition,  are  the  poles  of  the 
magnet. 

Here  is  a fmall  needle  inclofed  in  a glafs  ball ; 
move  this  over  a magnetic  bar,  and  the  needle  will 

be 
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be  perpendicular  to  the  bar,  when  it  is  over  cither 
of  the  poles. 

1 he  poles  of  a magnet  may  be  afcertained  with 
great  accuracy  by  means  of  a fmall  dipping  needle 
fAs-  hlcttricity)  y place  this  on  a mao-net 

and  move  it  backwards  and  forwards  till  the  needle 

is  perpendiculars  the  magnet,  it  will  then  point  dil 

lecily  to  one  of  the  pedes.  \\  hen  it  is  between  the 
north  and  fouth  poles,  fo  that  their  mutual  aclions 
ballance  each  other,  the  center  of  the  needle  will 
{land  over  what  is  called  the  equator  of  the  mao-_ 
net,  and  the  needle  will  be  exadly  parallel  to  the 
bar  ; between  this  htuation  and  the  poles,  it  inclines 

to  the  bar  in  different  angles,  accordino-  to  it’s 
diaance  from  the  poles.  ^ ^ it  ^ 

Of  the  Action  of  the  Magnetic  Poles  on 

EACH  other. 


In  the  adion  of  the  magnetic  virtue,  at  the 
poles,  there  is  a drong  fimilarity  with  that  of  elec- 
tricity ; thus  the  contrary,  or  north  and  fouth  poles 
ot  two  magnets  at  trail  each  other,  but  poles  of 
the  fame  namey  as  tv\o  north  or  two  fouth  poles, 
repel  each  other.  '* 


Sufpend  on  a point  a touched  needle,  then 
prefent  towards  it’s  north  pole  the  fouth  pole  of  a 
magnet,  and  it  w ill  be  attraded  by,  and  fly  to- 
w ai ds  It;  piefent  the  other  pole  of  the  magnet, 
and  the  needle  will  fly  from  it. 

Strev/  a few  heel  filings  upon  a pane  of  glafs, 
put  either  the  north  or  fouth  pole  of  one  cf  the 
bais  unoei  the  pane  ; the  filings  will  rife  uuon  the 
giafs  as  the  magnet  approaches.  ' Brin<r  the  fame 


Of  Magnetism, 


443 

Fix  two  needles  horizontally  in  two  pieces  of 
cork,  and  put  them  in  water;  if  the  poles  of  the 
fame  name  are  placed  together,  they  will  mutually 
repel  each  other.  If  the  poles  of  a contrary  deno- 
mination arc  turned  towards  each  other,  they  w’ill 
be  attraeSced  and  join. 

Dip  the  north  or  fouth  ends  of  two  magnets 
in  (feel  filings,  which  will  hang  in  cluflers  from  the 
end  of  the  bars  ; bring  the  ends  of  the  bars  towards 
each  other,  and  the  fieel  filings  on  one  bar,  will  re- 
cede from  thofe  on  the  other.  Dip  the  fouth  pole 
of  one  magnet,  and  the  north  pole  of  the  other, 
into  fieel  filings,  and  bring  the  ends  near  to  each 
other,  and  the  uifts  of  filings  will  unite,  forming 
final  I circular  arches. 

The  Action  of  the  Magnetic  Poles  rendered 
VISIBLE  BY  Steel  Filings. 

I place  the  glafs  pane  covered  with  paper 
over  a magnetical  bar,  and  ftrew  it  over  with  fieel 
filings  ; on  ftriking  the  glafs  gently,  the  filings  dif- 
Dofe  themfelves  in  fuch  manner,  as  to  reprefent 
with  exadlnefs  the  courfe  of  the  magnetic  matter. 
The  curves,  by  which  it  feems  to  go  from  pole  to 
pole,  are  plealingly  indicated  by  the  arrangement 
of  the  filings;  the  largcfi  curves  rife  from  one 
polar  furface,  and  extend  to  the  other;  they  are 
larger  in  proportion  as  they  rife  nearer  the  axis  or 
center  of  the  polar  furface;  the  interior  curves  are 
fmailer  and  fmaller  in  proportion  to  their  difiance 
from  the  end,  fee  jig.  8,/)/.  2.  The  greater  the  dif- 
tance  between  the  poles  of  a magnet,  the  larger  arc 
the  curves  which  arife  from  the  polar  furface. 

Let  two  magnets  be  placed  in  a firait  line 
at  a fmall  difiance  from  each  other,  the  fouth  pole 
of  the  one  oppofed  to  the  north  of  the  other  ; lay  a 
pane  of  glafs  over  them,  fprinkle  it  with  fieel 

filings, 
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filings,  and  then  ftrike  the  pane  gently  with  a 
key,  and  the  filings  will  arrange  thernfelves  in  the 
dircdion  of  the  magnetic  virtue;  thofe  that  lie 
between  the  two  polar  furfaces,  and  near  the  com- 
mon axis,  are  difpofed  in  firait  lines,  going  from 
the  north  pole  of  one,  to  the  foiith  pole  of  the  other, 
Rs  it  uniting  and  joining  together, 9,  pi,  2. 

1 lace  two  north  or  two  fouth  poles  under  a 
pane  of  glafs,  on  which  iron  filings  have  been 
firewed,andthe  filings  will  be  difpofed  into  curves, 
which  feem  to  turn  back  and  avoid  each  other, 
jJg,lOypL2. 

In  magnetifm,  as  well  as  in  elc(5lricity,  it  is 
not  the  mere  matter  that  is  attraded,  but  the  fate 
of  the  magnetic  fluid  therein,  fo  that  the  body 
ahvays  becomes  magnetic  before  it  is  attracied ; and 
hence  there  is  no  magnetic  attraciioHy  but  between 
the  contrary  poles  of  t^jco  magnets. 

When  a piece  of  iron,  or  any  other  fubfiance 
that  contains  iron,  is  brought  within  a certain 
difiance  of  a miagnet,  the  powers  thereof  are  fe- 
parated,  and  it  becomes  itfelf  a magnet y having  poles, 
artradive  powder,  and  every  property  of  a real  mag- 
net. That  part  which  is  neareft  the  magnet  has 
a contrary  polarity. 

The  magnetifm  that  foft  iron  acquires,  when 
placed  wdthin  the  influence  of  a magnet,  only  lafis 
while  it  continues  in  that  fituation,  but  difappears 
as  foon  as  it  is  removed.  But  with  hard  irony  and 
particularly  with  fieely  the  cafe  is  quite  differ- 
ent. For  the  harder  the  iron,  or  the  fieel,  the 
more  permanent  is  the  magnetifm  it  acquires;  but 
it  is  alfo  more  difficult  to  render  it  magnetic. 

Thus,  if  two  pieces,  one  of  foft  iron,  the  other 
of  hard  fieel,  but  both  of  the  fame  fiiape  and  lize, 
be  brought  within  the  influence  of  a magnet,  and 
at  the  fame  diffance,  you  will  find  the  iron  appear 
tnorc  magnetical  than  the  fieel  ; but  when  the 
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magnet  is  removed,  the  foft  iron  inhantly  lofes  it’s 
magnetifm,  whereas  the  (teel  will  preferve  it  for 
a long  time. 

A magnet  will  therefore  attradf  foft  iron 
more  forcibly  than  hard  iron,  becaufeit  can  render 
it  more  ifrongly  magnetical. 

In  the  foregoing  experiments,  the  fleel  filings 
became  fo  many  little  magnets,  with  contrary 
poles.  On  the  fame  principles,  a large  key,  or  any 
other  untouched  piece  of  iron,  will  attract  and 
fupport  a fmall  piece  of  iron,  while  it  is  near  the 
pole  of  a magnet,  but  will  let  it  fall  when  removed 
therefrom. 

A bail  of  foft  iron  in  contadl  with  a magnet, 
will  attract  a fecond  ball,  and  that  a third,  till  the 
influence  becomes  too  weak  to  fupport  a greater 
weight. 

Here  is  a fmall  w hirligig,  fig.  ii,  pL  2,  with 
an  iron  axis  ; I fpin  the  whirligig,  and  then  take 
it  up  by  a magnet,  and  you  will  not  only  find  that  it 
will  continue  fpinning  longer  than  if  it  were  left 
to  whirl  on  the  table,  but  a fecond  and  third 
whirligig  may  be  fufpended  one  under  another, 
and  yet  continue  in  motion.  The  number  fuf- 
pended depends  on  the  flrength  of  the  magnet. 

Of  Magnetic  Centers. 

There  is  a point  between  the  two  poles,  where 
the  magnet  has  no  attraction  nor  repiilfion ; this 
point  is  called  the  magnetic  center y though  it  is  not 
always  exadly  between  the  two  poles. 

Pafs  the  dipping  needle,  fig.  7,  pi.  2,  over  a 
mganetic  bar,  andyou  will  find  a place  between  the 
two  poles,  w here  the  needle  will  be  parallel  to  the 
bar  but  if  you  remove  it  ever  fo  little  from  thence, 
it  immediately  inclines  towards  the  poles,  and 
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when  over  either  pole,  is  perpendicular  to  Uie 
bar. 

This  elfea  is  alfo  pleafingly  exhibited,  by  fur- 
rounding a magnet  with  fniall  compafs  needles. 
I place  the  needles  on  thefe  brafs  flands,  fo  that 
they  may  be  nearly  in  thefame  place  with  the  bar, 
and  you  fee  thofe  near  the  ends  incline  towards  the 
pole,  but  that  the  two  needles  near  the  middle  of 
the  bar  are  parallel  thereto,  not  inclining  to  either 
pole,  fee  fig,  12.^  pi.  2.  You  mayalfo  obferve,  that  the 
north  pole  of  the  magnet  attradls  the  fouth  poles  of 
all  the  needles,  and  the  fouth,  the  north  of  the 
needles. 

Lay  a number  of  magnetic  bars  in  a ftrait  line 
with^  the  north  and  fouth  poles  together,  pafs  the 
dipping  needle  over  them,  and  you  will  find  a 
magnetic  center  at  each  place  of  contact:,  the  union 
ot  the  two  powers  deflroying  their  adlion;  feparate 
them,  and  you  have  the  north  and  fouth  poles  as  at 
firlf. 

Upon  the  fame  principles,  if  a magnetic  bar 
be  broken  into  any  two  parts,  each  part  becomes  a 
'magnet,  hiivmg  two  poles  ; the  ends  of  each,  next  to 
w*here  it  was  broken  acquiring  a polarity  contrary 
to  the  other  end.  Place  a magnetic  needle 
upon  one  of  the  flands,  and  when  the  needle  is 
fieady,  place  an  iron  bar  of  about  eight  inches 
long,  and  between  a quarter  of  an  inch  and  one 
inch  thick,  upon  the  (fand,  fo  that  one  end  of  it 
may  be  on  one  fide  of  the  north  pole  of  the  needle, 
anei  fo  near  it  as  to  draw  it  a little  way  out  of  it’s 
natural  direction.  In  this  fituation,  approach,  gra- 
dually the  north  pole  of  a magnet,  to  the  other 
extremity  of  the  bar,  and  you  will  fee  that  the 
needle’s  north  end  will  recede  from  the  bar  more 
and  more,  in  proportion  as  the  magnet  is  brought 
nearer  to  the  bar.  If  the  experiment  be  repeated, 
with  only  this  diflctence,  viz.  that  the  fouth  pole 
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of  the  magnet  be  dircBcd  towards  the  iron  bar, 
then  the  north  end  of  the  needle  will  advance  near- 
er and  nearer  to  the  bar,  in  proportion  as  the 
fouth  extremity  of  the  magnet  is  brought  nearer  to 
the  iron. 

The  reafon  of  this  phenomenon  is,  that,  by 
the  approach  of  the  north  pole  of  the  magnet,  in 
the  firit  cafe,  the  extremity  of  the  iron  bar,  which 
lies  next  to  it,  acquires  a fouth  polarity,  and  of 
courfe  the  oppofitc  extremity  acquires  the  north 
polarity  ; in.  confequence  of  which,  the  needle  is 
repelled,  becaufe  magnetic  poles  of  the  fame  name 
repel  each  other  ; but  in  the  fecond  cafe,  when 
the  fouth  pole  of  the  magnet  is  brought  near  the 
bar,  the  end  of  the  bar,  which  is  next  to  it,  ac- 
quires the  north  polarity,  and  the  oppofite  end  ac- 
quiring the  fouth  polarity,  attradls  the  north  end 
of  the  needle. 

If,  whilft  the  pole  of  the  magnet  Hands  con- 
tiguous to  one  end  of  the  bar,  a fmall  magnetic 
needle  be  prefented  within  a certain  diHance  to 
various  parts  of  the  furface  of  the  latter,  it  will  be 
obferved,  by  the  attraction  and  repuHion  of  the 
needle,  that  that  half  of  the  bar  which  is  next  to 
the  magnet,  pofTdles  the  contrary  polarity,  and  the 
other  half  the  fame  polarity  with  the  pole  of  the 
magnet  that  is  applied  to  the  iron. 

The  magnetic  center,  however,  or  the  limit 
between  the  polarities,  is  not  always  in  the  middle 
of  the  bar;  it  is  generally  nearer  that  end  which  is 
prefented  to  the  magnet.  This  ditfercnce  is  great- 
er as  the  magnet  is  weaker,  and  the  length  of  the 
bar  increafes  ; but  when  the  bar  exceeds  a certain 
length,  which  depends  on  the  ftrength  of  the  mag- 
net, then  the  bar  acquires  feveral  fuccefiive  poles, 
viz.  when  the  north  pole  of  the  magnet  is  conti- 
guous to  one  of  it’s  extremities,  that  extremity  be- 
comes 
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comes  a fouth  pole  ; a few  inches  farther  on  you  will 
have  a north  polarity,  then  another  fouth  polarity, 
and  fo  on.  In  this  cafe,  the  firll  magnetic  center 
comes  very  near  that  end  of  the  bar  which  hands 
next  to  the  magnet,  and  other  magnetic  centers 
are  formed  between  every  pair  of  fuccefTive 
poles. 

Thofe  fuccefTive  poles  become  w^eaker  and 
weaker  in  power,  according  as  they  recede  from 
that  end  of  the  bar  wdiich  is  contiguous  to  the 
magnet;  fo  that  in  a pretty  extended  bar,  they 
quite  vanifh  long  before  they  come  to  the  farther 
end  of  it;  hence,  if  one  pole  of  a magnet  be  ap- 
plied to  the  end  of  a long  bar,  the  other  end  of 
the  bar  will  not  thereby  acquire  any  magnetifm. 
This  will  happen,  when  a magnet,  capable  of  lift- 
ing about  two  pounds  weight  of  iron,  is  applied  to 
one  extremity  of  an  iron  bar,  about  one  inch  fquare, 
and  about  five  feet  long.  On  removing  the  mag- 
net, the  bar,  if  of  foft  iron,  will  immediately  lofe 
all  it’s  magnetifm  ; otherwife  will  retain  it  a 
longer  or  fliorter  time,  in  proportion  to  it’s  hard- 
nefs. 


To  RENDER  Iron  and  Steel  Magnetic. 

The  communication  of  the  magnetic  power 
to  iron  and  heel  bars,  is  termed  by  artihs  touching 
a nefdley  a baVy  See.  To  give  a detail  of  the  vari- 
ous procches,  ufed  by  different  artihs,  for  com- 
municating magnetifm  to  iron,  would  take  up  too 
much  of  our  time;  I hiall  therefore  only  mention 
two  methods,  which  you  will  find  adequate  to 
every  common  purpofe. 

I hrh  place  two  magnets,^'7\,I3,7^V.  13,  pl.'iy  in  a 

hrair 

• The  longer  and  (Ironger  thefc  arc,  the  better  they  will 
anfvvcr  the  purpufe. 


449 


Of  Magnetism. 

iRrait  line,  the  north  end  of  one  oppofed  to  the 
fouth  end  of  the  other,  but  at  fuch  a diftance  that 
the  bar  to  be  touched  may  reft  upon  them,  taking 
care  that  the  end  I defigned  for  the  fouth,  be  laid 
upon  the  north  end  ol  one  bar,  and  the  north  end 
on  the  fouth  pole  ol  the  other  bar. 

I now  take  two  other  bars,  D and  E,  and 
apply  the  north  end  of  D,  and  the  fouth  end  of  E, 
to  the  middle  of  the  untouched  bai  C,  elevating 
their  other  ends  fo  as  to  form  an  acute  angle  with 
bar.  I now  fepaiate  D and  E,  drawing 
them  different  ways  along  the  furface  of  the  bar 
C,  but  preferving  the  fame  elevation  all  the  way; 

I "remove  D and  E to  the  diftance'of  a foot  or 
more  from  the  untouched  bar  C,  and  bringing  the 
north  and  fourh  ends  in  contadl,  I apply  them 
again  to  the  middle  of  the  bar  C,  and  fliall  repeat 
the  procefs  three  or  four  times ; after  which  I fhall 
touch  the  other  three  furfaces  in  the  fame  manner, 
and  the  bar  will  thereby  have  acquired  a ftrongand 
permanent  magnetifm.  This  was  one  of  the  methods 
ufed  by  Dr.  Knight,  who  firft  taught  us  the  great 
advantage  that  might  be  obtained  from  the  ufe  of 
magnetic  bars,  giving  by  their  means  a magnet- 
ifm to  compafs  needles  double  in  force  to  that 
which  the  llrongeft  natural  loadjione  could  commu^ 
nicate.  He  was  the  firft  alfo  who  found  the  way  of  • 
working  on  the  natural  magnet,  fo  as  to  increafe 
it’s  power  in  a great  degree,  and  of  inverting 
it’s  poles  at  pleafure. 

You  may  readily  communicate  the  virtue  to 
untouched  bars  by  a horfe-lhoe  magnet, either 
fingle  or  compound  ; the  bar  to  be  touched  fliould 
be  laid  on  two  other  magnets,  as  in  the  preceding 
cafe ; the  horfc-ftioe  magnet  muft  be  placed  on 
the  middle  of  the  untouched  bar,  with  the  north 
end  towards  that  you  defigned  to  be  the  fourh  ; 

VoL.  IV.  G g you 

* Fig.  15,  pi.  2,  reprefents  a horfe-fhoe  magnet. 
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you  are  then  to  draw  it  backwards  and  forwards 
over  the  bar  five  or  fix  times,  but  be  careful  when 
you  remove  it  that  it  is  at  that  time  over  the  mid- 
dle of  the  bar.  1 he  fame  operation  is  to  be  ufed 
with  the  other  furfaces  of  the  bar. 

A fmall  compafs  needle  may  be  touched,  by 
being  put  between  the  oppofite  poles  of  two 
niagnctic  bars  while  it  is  receiving  the  magnetifm, 
it  will  be  violently  agitated,  moving  backw'ards 
and  forwards  as  if  it  were  animated;  when  it  has 
received  as  much  magnetifm  as  it  can  acquire  in 
this  w ay,  it  becomes  quiefeent. 

To  Touch  a Horse-Shoe  Magnet. 

Place  a pair  of  magnetic  bars  againfl:  the  ends 
of  the  horfe-fiioe  magnet,  w’ith  the  fouth  end  of 
the  bar  againfl:  that  end  of  the  horfe-fhoe,  w'hich 
is  intended  to  be  the  north  ; and  the  north  end 
of  the  other  bar  to  that  w hich  is  to  be  the  fouth : 
the  contacTh  or  lifter  of  folt  iron  to  be  placed  at 
the  other  end  of  the  bars.  In  this  fituation  the 
magnetic  fluid  w'hich  circulates  through  the  bars 
will  ejideavour  to  force  a palTage  through  the 
horfe-flioe  magnet,  and  thus  facilitate  the  further 
communication  of  the  magnetic  virtue  to  the 
horfe-lhoe  magnet : to  this  end,  rub  the  furfaces 
of  the  horfe-ihoe  with  a pair  of  bars  placed  int 
the  form  of  a compafs,  or  with  another  horfe-flroe 
magnet,  turning  the  poles  properly  towards  the 
poles  of  the  horfe-fhoe  magnet,  being  careful  that 
thefe  bars  never  touch  the  ends  of  the  flrait  bars, 
as  this  would  diflurb  the  current  of  the  magnetic 
fluid,  and  injure  the  operation.  If  the  bars  are 
feparated  fuddenly  from  the  horfe-flioe  magnet, 
it’s  force  will  be  confiderably  diminiflied ; to 
prevent  this,  flip  on  the  lifter  or  fupport  to  the 
end  of  the  horfe-flioe  magnet,  but  in  fuch  a 
manner,  however,  that  it  may  not  touch  the  bars 

the 
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the  bars  may  then  be  taken  away,  the  fupport  flid 
to  it’s  place,  and  left  there  to  ftrengtnen  the  cir- 
culation  of  the  fluid. 

To  MAKE  A MaGNETICAL  BaR  WITH  SEVERAL  PoLES. 

Place  magnets  at  thofe  parts  where  the  poles 
are  intended  to  be,  the  poles  to  be  of  a contrar/ 
name  to  thofe  required  ; and  if  a fouth  [^le  is 
fixed  on  one  part,  the  two  next  places  muft  have 
north  poles  fet  againft  them  ; confider  each  piece 
between  the  fupporters  as  a feparate  magnet,  and 

touch  it  accordingly.  ^ n t • u 

The  dilference  in  the  nature  of  ftccl  with 

refpedt  to  receiving  magnet ifm,  is  exceeding  great, 
as  is  ealily  pjioved  by  touching  in  the  fam.e  man- 
ner, and  with  the  fame  bars,  two  pieces  of  Ifeel 
of  equal  fize,  but  of  different  kinds.  With  fome 
fort  of  ficel  a few  firokes  are  fufficient  to  impart 
to  them  all  the  power  they  are  capable  of  retain- 
ing ; other  forts  require  a longer  operation  ; forne- 
times  it  is  impofiibje  to  give  them  more  than  a juft 
fenfiblc  degree  of  magnetifm. 

Steel,  that  is  hardened,  receives  a more  per- 
fefl  magnetifm  than  folt  fteel,  though  it  does  not 
appear  ^that  they  differ  from  each  other  in  any 
thing  but  the  arrangement  of  the  parts;  perhaps 
the  foft  fieel  contains  phlogifton  in  it’s  largeft 
pores,  while  hardened  fteel  contains  it  in  the 
fmaller.  Iron  and  fteel  have  very  little  air 
incorporated  in  their  pofes ; when  they  are  fe- 
parated  from  the  ore,  they  arc  expofed  to  a 
moft  intenfe  degree  of  heat  ; and  moft  of  the 
changes  to  which  they  are  afterwards  fubmitted, 
are  eft'efted  in  a red-hot  ftate.  A piece  of  fpring- 
tempered  fteel  will  not  retain  as  much  magnei- 
ifm  as  hard  fteel,  foft  fteel  ftill  lefs,  and  iron 
fcarce  retains  any.  From  fomc  experiments  ot 
Mr.  Muffehenbroek,  it  appears,  that  when  iron  is 

G g 2 united 


45^  Lectures  on  Natural  Philosopht. 

united  with  an  acid,  it  will  not  become  magneti- 
cal ; but  if  the  acid  be  feparated,  and  the  phlo- 
giilon  reftored,  it  will  become  as  magnetical  as 
ever. 

In  communicating  magnetifm,  it  is  belt  to 
ufe  weak  magnets  firft,  and  thofe  that  are  Itronger 
afterwards;  but  you  muft  be  very  careful  not"^to 
ufe  weak  after  Itrong  magnets. 

A magnet  can  never  communicate  a greater 
power  than  itfelf  polTelTes,  or  even  of  an  equal  de- 
gree ; but  as  feveral  magnets  of  nearly  kn  equal 
degree  of  magnetifm,  by  being  joined  together, 
have  a ftronger  power  than  either  of  them  lingly  ; 
in  order  to  impart  a Itronger  magnetic  power  to  a 
given  body  A,  by  means  of  a weak  magnet  B,  you 
muft  firft  render  feveral  bodies  C,  D[  E,  F,  ike, 
weakly  magnetic,  and  then  by  properly  joining 
C,  D,  E,  F,  together,  you  may  communicate  to 
another  body,  or  feveral  bodies,  a flronger  rnag- 
netifm,  and  thus  by  degrees  be  able  to  com- 
municate to  A,  the  defired  degree  of  magnetic 
power. 

A magnet  lofes  nothing  of  it’s  owun  power  by 
communicating  magnetifm  to  other*  fubltances, 
but  is  rather  improved  thereby. 

If  bars  of  iron  are  heated,  and  then  cooled 
equally,  in  various  diredtions,  as  parallel,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  wdll  be  fixed  according  to  their  po/i- 
tion,  firongelt  when  they  arc  parallel  'to  the  dip- 
ping needle,  and  fo  lefs  by  degrees,  till  they  are 
perpendicular  to  it,  when  they  will  have  no  fixed 
polarity;  but  if,  upon  cooling  a bar  of  iron  in 
water,  the  under  end  is  confiderably  hotter  than 
the  upper,  and  the  upper  end  is  cooled  firfi,  it 
will  fometimes  become  the  north  pole,  but  not 
always.  If  iron,  or  fieel,  undergo  a violent  at^ 
irition  in  any  one  particular  part,  it  wdll  acquire 
a polarity ; if  the  iron  is  foft,  the  magnetifm  re- 
mains 
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mains  very  little  longer  than  while  the  heat  con- 

known  in  producing  a dream  ot  magnetiim , it 
will,  in  an  indant,  render  hardened  deel  drongl.V 
magnetical,  and  invert  the  poles  of  a magnetic 

Every  kind  of  violent  percuiTion  weakens  the 
power  of  a magnet.  A drong  magnet  has  been 
entirely  deprived  of  it’s  virtue  by  receiving  feyeral 
fmart  drokes  of  a hammer ; indeed,  whaieycr 
deranges  or  didurbes  the  internal  pores  ot  a 
magnk,  will  injure  it’s  magnetic  force,  as  the 
bending  of  touched  iron,  wires,  &c.  ^ 

Fill  a fmall  dry  glafs  tube  with  iron  filings, 
prefs  them  in  rather  clofe,  and  then  touch  the  tube 
as  if  it  was  a deel  bar,  and  the  tube  will  attract 
a light  needle,  &c.  ; Ihake  the  tube  fo  that  the 
lituation  of  the  filings  may  be  didurbed,  and  the 

magnetic  virtue  will  vanifh.  -n  j n. 

But  though  a violent  percufTion  will  dedroy 
a fixed  magnetifm,  yet  it  will  give  polarity  to  an 
iron  bar  which  had  none  before;  tor  a fpv  Imart 
drokes  of  an  hammer,  on  an  iron  bar,  w'ill  give  it 
a polarity,  and  by  hitting  fird  one  end  of  the  bar, 
and  then  the  other,  w'hile  it  is  held  in  a vertical 
druation,  the  poles  may  be  changed.  Twid  a long 
piece  of  iron  wire  backwards  and  forwards  feveral 
times,  then  break  it  od  at  the  twidedpart,  and 

the  broken  end  will  be  magnetical. 

The  pole  of  a magnet  always  produces  the 
contrary  polarity  on  a bar  to  which  it  is  applied: 
-therefore,  if  tw’o  bars  fully  touched  have  the  poles 
of  the  fame  name  joined  together,  they  tend  to 
produce  on  each  other  a force  ot  a contrary  name 
to  that  with  which  they  are  endowed  ; and  this  et- 
feT  will  diminidi  the  polar  force  of  each  bar  ; 
confequcntly  the  magnetic  force  of  each  longitudi- 
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netifm  than  when  i 
net. 


-He  bar  will  acquire  IcTs 
t was  in  contacfl  with  the  mao’’- 

o 


Each  point  of  a magnet  may  be  looked  on  u 
the  pole  of  a Inialler  magnet,  tending  to  produce 
on  the  ^ints  of  the  magnet  a force  contrary  to  it’s 
own.  The  c fled:  of  this  tendency  will  be  greater 
in  proportion  to  the  force  of  the  point,  and  it’s 
nearnefs  to  thofe  points  on  which  it  ads;  and  the 
lorce  ot  a magnet  will  depend  on  the  reciprocal 
adion  of  thefe  points  on  each  other. 

Hence  a narrow  bar  wilj  in  general  be  more 
powerful  than  a broader  one  ; and  hence  alfo  the’ 
exterior  edges  and  points  of  a magnet  will  have 
more  power  than  the  interior  ones  of  the  fame 


Hence  alfo  magnets  fhould  never  be  left  with 
two  north  or  two  fouth  poles  together;  for  when 
they  are  thus  placed,  they  diminifh  and  deftroy 
each  other’s  magnetifm.  Magnetic  bars  Ihould 
theiefore  be  always  left  w//^  the  oppojite  poles 
laid  againjl  each  other ^ or  by  conneding  their 
oppofite  poles  by  a bar  of  iron.  The  magnetic 
power  is  increafed  in  a magnet,  by  letting  a piece 
of  iron  remain  attached  to  one  or  both  of  it^s 

poles,  A lingje  magnet  fliould  therefore  be  always 
thqs  left.  . ' ■ 


As  both  magnetic  poles  together  attrad:  a 
much  greater  weight  than  a fingle  one,  and  as  the 


bar. 
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two  Doles  of  a magnet  are  generally  in  oppofite 

parts^of  it’s  furface,  in  which  ^ 

impornble  to  adapt  the  fame  piece  ot  non  to  both 
at  the  fame  time  ; two  foft  pieces  of  iron  are  ap- 
plied to  the  poles  of  a loadftone,  fo  as  to  projeA  o 
^ne  fide  the  magnet : thefe  pieces  being  rendered 
magnetic,  another  piece  of  iron  can  be  convenient- 
ly adapted  to  thefe  projeftions,  fo  as  to  let  both 
Joles  aeft  at  the  fame  time.  The  magnet  in  this 
Lfe  is  faid  to  be  armed,  the  pieces  of  iron  are 
called  the  armature,  the  piece  of  >ron  that  con- 

nedts  the  poles  is  termed  the  lifter. 

To  avoid  the  expence  and  trouble  of  the  ar- 
mature, artificial  magnets  have  been  made  in  the  , 
fliape  of  an  horfe-flioe,  of  which  I have  ahead/ 

Gaffendi  invented  a peculiar  kind  of  armour, 
by  piercing  a loadftone  in  the  dircclion  of  the  axis, 
and  placing  a cylinder  of  iron  in  the  hole,  which 
augmented  confiderably  the  force  of  the  magnet. 

Here  is  a ftrait  magnetic  bar,  the  north  pole 
of  which  fupports  four  ounces.  I apply  another 
magnet  againtt  it,  but  fo  that  the  north  pole  there- 
of  is  about  half  an  inch  Irom  the  pole  of  the 
other,  and  it  will  now  fuftain  near  feven  ounces. 


Of  the  Magnetism  of  the  Earth. 

I , 

What  has  been  ufually  termed  the  magnetifm 
of  the  earth,  might  with  more  propriety  be  termed 
the  magnetifm  of  the  atmofphere.  Even  the  ex- 
periments ufually  adduced  to  prove  the  magnetifm 
of  the  earth,  are  full  proofs  that  it  is  an  aerial  in- 
fluence; as  you  will  perceive  by  the  account  1 am 
going  to  gi^c  you,  of  the  experiments  brought  in 
fupport  of  the  earth’s  magnetifm. 

Mr.  Savery  has  adduced  fevcral  inhances  to 
fliew  the  force  and  ac^lion  of  the  earth’s  magiiet- 
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pieces  of  iron.  He  hung  up  a bar  of  iron,  about 
five  feet  long,  by  a loop  of  fmall  cord,  at  the  up- 
per  end,  and  then  carefully  wiped  the  lower  end 

dufl-  o*^  P°'fl''  there  might  be  no 

dull  or  moillure  to  prevent  a good  contad;  then 

holding  the  nail  under  the  bar,  with  it’s  point  up- 
ward,^ he  kept  It  clofe  to  the  bar.  holding  only  one 
ngei  under  it  s head  for  the  fpace  of  thirty  or 
more  leconds;  then  withdrawing  his  finger  gently 
downwards  that  the  nailmight  not  vibrate;  ifitfell 
ofl,  he  wiped  the  point  as  before,  and  tried  fome 

of  the  bar. 

it  the  ends  are  fimilar,  and  the  bar  has  no  perma- 
nent  virtue,  it  is  indifferent  which  end  is  down- 
wards; if  it  has  an  iniperfed  degree  of  polarity, 
one  end  will  anfwer  better  than  the  other. 

The  upper  end  A,  of  a long  iron  rod,  which 
has  no  fixed  polarity,  will  attradl  the  north  end  of 
a magnetic  needle;  the  under  end  B repels  the 
north  end  of  the  needle;  invert  the  iron  bar,  and 
the  end  B,  which  is  now  the  upper  one,  will 
attrad:  the  north  pole  of  the  needle  it  repelled  be- 
fore. T he  cafe  is  the  fame,  it  the  bar  is  placed 
horizontally  in  the  magnetic  meridian,  the  end  to- 
wards the  fbuth  will  be  the  north  pole. 

1 he  explanation  of  this  curious  phenomenon 
iseafily  deduced  from  the  foregoing  obfervations; 
for,  fince  m thefe  northern  parts  the  earth  is  pofi 
felTcd  of  a fouth  magnetic  polarity,  the  lowefi:  part 
of  the  iron  bar,  by  being  nearefi:  to  it,  mu  ft  ac- 
quire the  contrary,  namely  the  north  polarity;  the 
other  extremity  of  the  bar  becoming  a fouth  pole. 

It  follows,  likewife,  [and  it  is  confirmed  by 
acftual  experiment',)  that  in  the  fouthern  parts  of 
the  earth,  the  lowcft  part  of  the  bar  acquires  the 
fouth  poiaiity;  that  on  the  equator  the  bar  muft  be 
kept  horizontal,  in  order  to  let  it  acquire  any  mag- 
nctifm  from  the  earth;  and  that,  even  in  thefe 

parts 
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parts  of  the  earth,  the  moft  advantageous  fituation 
of  the  bar  is  not  the  perpendicular,  but  that  a 
little  inclined  to  the  horizon.  In  lliort,  in  every 
part  of  the  world  it  nuift  be  placed  in  tlie  mag- 
neticai  line,  viz.  in  the,  diredion  of  the  dipping 
needle.  If  the  iron  bar,  inftead  of  being  kept  in 
the  niagnetical  line,  be  placed  in  a diieetion  per- 
pendicular to  it,  then  it  wall  acquire  no  magnet- 
iTm,  becaufe  in  that  lituation  the  actions  ol  both 
poles  of  the  earth  upon  each  extremity  of  the  bar 
are  qual.  If,  inftead  of  the  above-mentioned  two 
diredions,  the  bar  be  placed  in  any  other  pofttion, 

• then  it  will  acquire  more  or  lefs  magnetic  power, 
according  as  it  approaches  nearer  to  the  former  or 
to  the  latter  of  the  faid  two  diredions. 

Iron  bars  ot  windows,  which  have  remained 
long  in  a vertical  pofttion,  acquire  a fixed  polarity. 
Mr?Lewenhoek  mentions  an  iron  crofs,  which  had 
acquired  a very  ftrong  polarity.  Mr.  Canton  pro- 
pofed  to  make  artificial  magnets  without  the  af- 
liftance  of  natural  ones  ; but  in  this  he  was  rnif- 
taken,  for  his  poker  and  tongs  were  natural  mag- 
nets, and  had  their  verticity  fixed  by  being  heated 
and  cooled  in  a vertical  pofttion  ; and  an  irOii  or 
fteel  bar,  though  without  a verticity,  while  it  le— 
mains  in  that  pofttion,  exerts  a polarity,  and  is 
able  to  communicate  a fixed  verticity  to  the  (mail 
bar,  and  is  therefore  for  the  time  a natural  mag- 
net. And  further,  every  iron  bar,  from  the  largeft 
lize  to  a ftxpcnny  nail,  will  exert  this  power  when 
treated  as  above-mentioned.  But  how  this  power 
is  raifed  fo  foon  to  a degree  greatly  exceeding  that 
which  communicated  it,  w^e  do  not  know  ; nor  is 
it  more  eafy  to  account  for  the  facility  with  which 
the  magnetic  power  is  withdrawn  by  a fridioncon- 
trary  to  that  which  gave  it. 

Of  the  Directive  Property  of  Magnets. 

Xxt  an  iron  rod  be  exadly  ballanced  and  fuf- 
I pended 


45^  Lectu  res  on  Natural  Philosophy, 

pended  on  a point,  fo  as  to  revolve  in  a plane  pa. 
rallcl  to  the  horizon;  communicate  the  ma<Tnctic 
Virtue  to  this  rod,  and  the  extremity  will  be  aU 
wavs  difc^cd  iozvciTiis  the  uot'th. 

Here  is  an  untouched  magnet.  I place  it  on  a 
point,  and  you  may  obferve  that  I cm  make  it  reft 
in  any  given  fituacion;  I lhal!  communicate  the 
magnetic  virtue  to  it,  and  you  vi'ill  then  find  it  no 
longer  indiftercnt  as  to  it’s  iiruation,  but  it  will  fix 
upon  one  m pretcreiTce  to  any  other,  one  end  al- 
ways  pointing  to  the  norih. 

Whenever  a magnet  can  move  itfelf  freely, 
as  if  It  be  fufpended  by  a fine  thread,  or  if  it  be 
made  to  float  on  water  by  means  of  a piece  of 
cork,  or  it  it  be  bal lanced  on  a point,  provided  it  be 
not  diflurbed  by  the  vicinity  of  iron  ; it  will  alwavs 
place  itfelf  fo  as  to  direA  it’s  north  pole  towards 
the  north,  and  the  fouth  pole  towards  the  fouth. 

The  directive  power  of  a touched  needle  is  of 
the  greateft  importance  to  mankind;  it  enables  the 
mariner  to  traverfe  the  ocean,  and  thus  unites  the 
aits,  the  manufadtures,  and  the  knowledge  of  dif- 
tant  counti  ies,  together.  The  furveyor,  the  miner, 
and  the  aflronomer,  derive  many  advantao'es  from 
this  wonderful  property.  ^ 

T.  he  niariney  s conipafs  conlifls  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

1 he  card  is  a circle  of  fliff  paper  reprefent- 
ing  the  horizon,  with  the  points  ot  the  compafs 
marked  on  it;  the  magnetical  needle  is  fixed  to  the 
under  fioe  of  this  card;  the  center  of  the  needle 
is  perfoi  ated,  and  a cap,  with  a conical  agate  at 
its  top,  is  fixed  in  this  perforation;  this  cap  is 
hung  on  a fiecl  pin,  which  is  fixed  to  the  bottom 
of  the  box,  fo  that  the  card  hanging  on  the  pin 
tuins  freely  round  it’s  center;  one  of  tlie  points 
being  from  the  property  of  the  needle  always  di- 
rected towards  the  north  pole.  1 he  box,  which 
contains  the  card  and  needle,  is  a circular  brafs 

box 
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box  hung  within  a fquare  wooden  one,  by  two  con- 
centric rings  called  jiinbals,  fo  fixed  by  crofs  cen- 
ters to  the  two  boxes,  that  the  inner  one  fhall  re- 
tain an  horizontal  poution  in  all  motions  of  the 
fliip.  The  top  of  the  inner  box  has  a cover  of 
glafs  to  prevent  the  card  from  being  dihurbed  by 
Before  the  cornpafs  was  invented,  the 
navigating  ol  Ihips  was  a tedious  and  piecarious 
opei^tion,  and  feldom  performed  out  ot  fight  of 
land;  but  this  inflrument  enables  the  mariner  to 
travel  over  the  feas  almoft  in  as  direff  and  true  a 
trad:,  as  the  land  carrier  direds  his  carriage  la 
a well  beaten  road. 

It  has  been  already  obferved,  that  the  ancients 
do  not  feem  to  have  been  acquainted  with  the  di- 
redive pow'er  of  the  magnet.  The  only  thing 
that  leems  capable  of  being  miffaken  for  fome 
fuch  knowledge,  is  what  Jamblichus  tells  us  in 
his  life  of  Pythagoras,  "-That  Pythagoras  took  from 
AbariSy  the  Hyperborean.,  his  golden  dart,  zvitbout 
which  it  was  impojjible  for  him  to  find  his  road.  But 
the  authority  of  the  writer,  as  w'dl  as  the  obfeu- 
rity  of  the  palTage,  prevents  any  conclulion  being 

drawn  from  it.  . ^ 

Paul  the  Venetian  is  hiid  to  have  introduced 
the  ufe  of  the  cornpafs  in  1260;  but  this  is  faid 
not  to  have  been  his  owm  invention,  but  borrowed 
from  the  Chinefe.  P.  Gaubil  fays,  the  diredive 
power  of  the  needle  w as  known  to  the  Chinefe  as 
early  as  the  year  A.D.  2 2 3,  under  the  dynahyof  Haz. 

' But  the  Abbe  Renaudot,  in  his  DifTertation  on  the 
Stone,  when  the  Mahomedans  went  firff  to  China, 
has  adduced  ffrong  reafons  to  prove,  that  the  Chi- 
nefe knew  nothing  of  the  manner’s  cornpafs,  till 
it  was  introduced  there  by  the  fvuropcans.  Ver- 
tomanus  affirms,  that  A.  D.  1500  he  faw  an  Ealf 
Indian  pilot  dired  his  couiTe  by  a cornpafs,  framed 
apd  faftened  like  thpfe  ufed  in  Europe;  but  this 

muff 
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mufl  be  received  with  fome  caution,  as  Mr.  Bar^ 
low,  in  1597,  fays  that  in  a personal  conference 
with  two  Ball  Indians  he  was  told  by  them,  that 
indead  of  oui  compafs  tney  made  ufe  of  a maHne- 
tical  needle  of  lix  inches  or  longer,  fet  upon  a pin 
in  a dilh  of  white  China  earth  filled  with  water; 
that  in  the  bottom  of  the  difli  they  had  two  crofs 
lines,  to  mark  the  four  principal  winds,  and  that 
the  red  of  the  divifions  were  left  to  the  Ikill  of  the 
pilot.  But  to  return  to  Europe,  Mr.  Perrault,  in 
his  parallel  between  the  ancients  and  the  moderns, 
has  cited  fome  verfes  of  Guyot  de  Provins,  who 
wrote  in  1^180,  which  fhew  di'dindly  that  the  ma- 
riner’s compafs  was  known  in  the  South  of  France 
at  that  time. 

By  mod  waiters  the  invention  of  the  compafs 
isaferibed  to  Flavio  Goin  of  Analfi  in  Campanee, 
who  lived  about  the  year  1300;  and  he  is  faid  to  be 
the  fird  that  applied  it  to  navigation  in  the  Medi- 
terranean. 

Mr.  de  Lalande  informs  us,  that  in  “ Le  trefor 
de  Brunet,”  a manufeript  in  the  French  king’s 
library, , there  is  a padage  w hich  proves  that  the 
compafs  was  made  ufe  of  about  the  year  1260. 

Here  however  it  may  beobferved,  that  though 
a magnet,  which  has  only  two  poles,  will  always, 
when  freely  fufpended,  place  itfelf  in  the  magnetic 
meridian^  or  in  the  fame  plane  with  other  good 
magnets ; yet  w’hcn  a magnet  has  more  than  tw  o 
poles,  thefe  may  be  fo  fituated  that  the  magnet 
will  not  traverfe,  that  is,  will  have  no  directive 
power. 

Thus  fuppofe  an  oblong  magnetic  needle  to 
have  a north  polarity  equally  drong  at  each  end, 
and  a fouth  polarity  m the  middle  ; it  is  plain,  that 
as  each  has  an  equal  tendency  tovvards  the  north, 
neither  of  them  can  be  dirceded  towards  the  north. 
in  preference  to  the  other;  confcqucntly  the  nee- 
dle 


Of  Magnetism. 


461 

die  cannot  travcrfe.  1 hough  this  caic  vciy  fel- 
dom  occurs,  yet  there  are  many  others,  where  a 
needle,  when  fixed  to  a card  on  which  the  points 
of  a compafs  arc  drawn,  may  occafion  confiderablc 
errors  ; this  has  been  clearly  proved  by  Dr.  Knight 
and  Capt.  Greaves.  Mr.  R.  Walker,  of  Jamaica, 
has  alfo  clearly  proved,  that  the  only  proper  fliape 
for  magnetic  compafs  needles,  is  that  where  the 
line  of  direction  is  in  the  edge  of  the  bar ; each 
end  of  the  bar  fliould  be  alfo  pointed.  But  it  will 
be  needlefs  for  me  to  enter  into  the  fubjed:,  as  Mr. 
Walker  means  to  lay  his  own  ideas  before  the  pub- 
lic, in  a work  which  will  contain  much  other  cu- 
rious matter  on  this  part  of  magnetifm. 

Of  the  Variation  of  the  Compass. 

Though  the  north  pole  of  the  magnet  is,  in 
every  part  of  the  world,  direded  nearly  towards  the 
north y yet  it  very  Jeldom  poirzts  exactly  thereto y and 
confequently  the  fouth  pole  of  the  magnet  feldom 
points  towards  the  fouth.  In  other  words,  the 
magnetic  meridian  feldom  coincides  w ith  the  me- 
ridian of  the  place,  but  generally  varies  from  it 
fome  degrees  eadward  or  wedward.' 

This  variation  is  different  in  different  places 
on  land  as  well  as  at  fca,  and  is  Mo  continually  va- 
rying in  the  fame  place.  For  inffance,  the  varia- 
tion is  not  the  fame  in  London  as  at  Paris,  or  as  at 
the  Cape  of  Good  Flope  ; and  the  declination  at 
London,  or  at  any  other  place,  is  not  the  fame  now 
as  it  w'as  twenty  years  ago. 

This  variation  is  always  reckoned  from  the 
north ; that  is,  if  the  north  end  of  a needle  vary 
to  the  eaff  of  the  north,  the  variation  is  faid  to  be 
eafterly ; and  if  it  vary  to  the  v/elf,  the  variation 
is  faid  to  be  w’efterly. 

The  uncertainty  of  the  quantity  of  this  va- 
riation 
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riation  in  different  parts  of  the  world,  is  a great 
impediment  to  the  perfecting  of  navigation;  and 
philofophers  have  earnellly  endeavoured  to  invefti- 
gate  it’s  caufe,  and,  if  poffible,  to  correct  the  er- 
rors it  occafions.  The  refearch  has  hitherto  been 
in  vain,  though  I muft  own,  I think  the  fubjecSt  is 
in  the  hand  of  a perfon,  who  bids  fair  to  difpel  much 
of  the  darknefs  with  w’hich  it  has  hitherto  been 
furrounded  ; and  from  what  1 have  feen  of  Mr.  R. 
\yalker’s  theory,  it  appears  to  me  correc^t  and  ju- 
dicious, and  needs  only  to  be  underftood  to  pro- 
duce convic^tion.  He  has  alfo  contrived  a compafs 
to  afeertain  the  variation  of  the  needle  at  fea  with- 
out calculation. 

Though  the  diredlive  power  of  the  compafs 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not  ap- 
pear, that  there  were  any  apprehenfions  during  that 
time  of  it’s  pointing  otherwife  than  due  north  and 
fourh. 

The  variation  of  the  compafs  is  faid  to  have 
been  firft  difeovered  by  Columbus,  the  latter  end 
of'thc  fifteenth  century.  But  the  firff  perfon  who 
difeovered  that  it  was  real,  and  was  the  fame  to 
all  needles  in  the  fame  place,  is  generally  allowed 
to  be  Sebaflion  Cabot.  This  was  about  the  year 

H97* 

After  the  variation  was  difeovered  by  Cabot, 
it  was  thought,  for  a long  time,  to  be  invariably 
the  fame,  at  the  fame  places,  in  all  ages ; but 
Mr.^  Gellibrand,  about  the  year  1625,  difeover- 
ed that  it  was  different  at  different  times,  in  the 
fame  place. 

From  fucceflive  obfervations  made  afterwards, 
it  appears,  that  this  deviation  w'as  not  a conflant 
quantity,  but  that  it  gradually  diminifhed,  and 
at  lafi  a’K^out  1657  found  ^that  the  needle 

pointed  due  north  at  London,'  and  has  ever  fince 

been 
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been  increafing  to  the  weftward  of  the  north.  So 
that  in  any  one  place  the  variations  have  a kind  of 
libratory  motion,  traverfing  through  the  north  to 
unknown  limits  eaftward  and  weftward.  dhe  pre- 
fent  variation  at  London  is  about  23  ^ degrees. 

Dr.  Halley  fuppofed  that  the  earth  has  within 
it  a large  magnetic  globe,  not  fixed  within  to  the 
external  parts,  having  four  magnetic  poles,  t\^o 
fixed,  and  two  moveable,  and  by  this  he  has  en- 
deavoured to  account  for  the  phenomena  of  the 
needle.  His  application  of  this  theory  to  fads, 
is  in  many  refpeds  inadequate,  in  all  laboured  and 
unnatural.  Mr.  Euler  has  Ihewn,  that  he  can  ^ 
with  two  magnetic  poles  placed  on  the  furface  of 
the  earth,  account  for  all  the  phenomena  as  well 
as  Dr.  Halley  with  four;  but  his  theory  has  alfo 
various  imperfedions. 

The  variation  of  the  needle  may  be  illufirated 
by  placing  feveral  touched  needles  round  a mag- 
netic bar,  fee  fig,  12,  pL  2.  Now  if  the  earth  be  a 
great  magnet,  or  if  it  have  only  a magnetic  at- 
mofphere,  it  is  clear  from  this  experiment. that 
magnetic  needles  placed  on  it’s  furface  would  have 
difierent  diredions  in  different  places,  which  is 
conformable  to  experience  ; and  the  apparent  irre- 
gularities in  the  variation  of  the  needle  mufi:  be  oc- 
calioned  by  the  lituation  of  the  magnetic  poles  of 
the  earth. 

If  the  magnetic  poles  agreed  with  thofe  of 
the  earth,  there  would  be  no  variation,  and  the 
magnetic  needle  would  point  to  the  true  north  and 
fouth.  If  the  axis  of  the  magnetic  poles  palled 
through  the  center  of  the  earth,  it  would  be  eafy 
to  afilgn  the  quantity  of  the  variation  at  every 
place  ; but  as  this  is  not  the  cafe,  to  account 
regularly  for  the  variation,  it  is  neceflary  to  know 
the  exad  fituation  of  the  niagnetic  poles  of  the 
earth,  their  number,  force,  and  difiance  from  the 

real 
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real  poles  ; whether  they  fliift  their  place,  and  if 
they  move,  the  c|uantity  ot  motion  every  year. 

• Of  the  Diurnal  Variation  of  the  Needle. 

' About  the  year  1722,  and  1723,  Mr.  George 
Graham  made  a number  of  obfervations  on  the  di- 
urnal variations  of  the  magnetic  needle.  In  the 
year  1750,  Mr.  Wargentin  took  notice  of  the  re- 
gular diurnal  variation  of  the  needle;  and  alfo  of 
it’s  being  diflurbed  at  the  time  of  an  aurora  hore^ 
alls.  About  the  latter  end  of  the  year  1756,  Mr. 
Canton  began  to  make  obfervations  on  the  varia- 
tion, .and  in  1759  communicated  feveral  valuable 
experiments  to  the  Royal  Society. 

The  obfervations  were  made  by  him  for  603 
days;  on  574  out  of  thefe,  the  diurnal  variation 
.was  regular.  The  abfolute  variation  of  the  needle 
wxftward  was  increafing,  from  about  eight  or 
nine  o’clock  in  the  morning,  till  about  one  or  two 
in  the  afternoon,  when  the  needle  became  ftation- 
ary  for  fome  time  ; after  that  the  variation  weft- 
ward  was  decreafing ; and  the  needle  came  back 
again  to  it’s  former  fituacion  in  the  night,  or  by 
the  next  morning. 

The  diurnal  variation  is  irregular  when  the 
needle  moves  fiowly  eaftward  in  the  latter  part  of 
the  morning,  or  wellward  in  the  latter  part  of  the 
afternoon  ; alfo  when  it  moves  much  either  way 
after  night,  or  fuddenly  both  ways  in  a fliort  time. 
Thefe  irrcgiilaritics  feldom  happen  more  than  once 
or  twice  in  a month,  and  are  ahvays  accompanied 
with  an  aurora  borealis.  The  diurnal  variation  in 
the  months  of  June  and  July,  is  almcft  double 
that  of  January  and  December. 

Mr.  Canton  fuppofes  that  the  diurnal  heat  of 
the  fun  a^s  upon  the  magnetic  parts  of  the  earth, 
or  rather  upon  the  magnet  included  in  the  earth. 

But 
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Jiut  Mr.  y^:pinus  has  ihewn  that  this  fuppofition 
is  inadmiffible,  bec'aufe  agreeable  to  the  hypothelis 
the  magnetic  nucleus  muft  be  very  proiound, 
and  it  is  well  known  that  the  folar  heat  does  not 
penetrate  to  very  great  depths ; there  are^  caves  at 
no  great  diftance  from  the  furface  oftneeait  , 
in  which  a thermometer  remains  always  at  the 
lame  height,  The  diurnal  heat  does  notpenctiate 
even  thefc,  there  is  therefore  no  probability  of  it’s 
effects  extending  to  fliil  greater  depths. 

Of  the  Dip  of  the  Needle,^ 

If  a needle,  which  is  accurately  ballanced  and 
fufpended  fo  as  to  turn  freely  in  a vertical  plane, 
be  rendered  magnetical,  the  north  pole  will  be  de-^ 
pre[fedy  and  the  Jouth  pole  elevated  above  the  hori- 
zon : this  property  is  called  the  dip  of  the  horizon^ 
As  it  is  very  difficult  to  ballance  a needle  accu- 
rately, the  poles  are  generally  reverfed  by  a mag- 
net, fo  that  it’s  two  ends  may  dip  alternately,  and 
the  mean  of  the  two  is  taken. 

Tnis  property  was  difeovered  by  Robert 
Norman,  about  the  ‘year  157^'  ^ ffiall  give 

the  account  of  the  difeovery  in  his  own  words. 

Having  (fays  he)  'made  many  and  divers 
compafTcs,  and  ufing  always  to  finifli  and  end 
them  before  I touched  the  needle,  1 found  con- 
tinually that  after  I had  touched  the  yrons  with 
the  done,  that  prefently  the  north  point  thereof 
would  bend  or  decline  downwards  under  the 
horizon-  in  fome  quantity  ; infomuch,  that  to  the 
fiie  of  the  compafs,  which  before  was  made 
equal,  I was  ftill  confirained  to  put  fome  fmall 
piece  of  wax  in  the  fouth  part  thereof,  to  coun- 
terpoife  this  declining,  and  to  make  it  equal 
again. 

Which  effed  having  many  times  paffed  my 
VoL,  IV.  Hh  hands 
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hands  without  any  great  regard  thereunto,  as  ig-* 
norant  of  any  fuch  property  \n  the  (lone,  and  not 
before  having  heard  nor  read  o f any  f ich  matter  ; 
it  f>hanced  at  length  that  there  came  to  my  hands 
an  inllrument  to  be  made,  with  a needle  of  fix 
inches  long,  which  needle  after  I had  polifiied, 
cut  off  at  juft  length,  and  made  to  ftand  level 
upon  the  pin,  fo  that  nothing  refted  but  only  the 
touching  of  it  with  the  ftone  : when  I had  touched 
the  fame,  prefently  the  north  part  thereof  declined 
down  in  fuch  fort,  that  being  conftrained  to  cut 
away  fome  of  that  part  to  make  it  equal  again,  in 
the  end  I cut  it  too  fhort,  and  fo  fpoiled  the  needle 
wherein  I had  taken  fo  much  pains. 

^ “ Hereby  being  ftroken  into  fome  cholar,  I 

applied  myfelf  to  feek  further  into  this  efted, 
and  making  certain  learned  and  expert  men  (my 
friends)  acquainted  in  this  matter,  they  advifed 
me  to  frame  fome  inftrument,  to  make  fome  exacd 
trial,  how  much  the  needle  touched  with  the  ftone 
w^ould  decline,  or  what  greateft  angle  it  would 
i^iake  with  the  plane  of  the  horizon.’^  Thus  far 
Mr,  Norman. 

1 he  dip  is  faid  to  be  fubjed  to  a variation. 
At  this  time  in  London  it  is  about  721  degrees; 
from  fome  late  obfervations  it  appears  to  diininifii 
about  fifteen  minutes  in  four  years.  The  nature 
of  this  phenomenon  is  pleafingly  illuftrated  by  car- 
rying a fmall  dipping  needle  from  one  end  of 
a magnetic  bar  to  the  other ; w hen  it  Hands 
over  the  fouth  pole,  the  north  end  of  the  needle 
will  be  direded  perpendicularly  to  it;  as  the 
needle  is  moved,  the  dip  will  giow  lefs,  and  when 
it  comes  to  the  magnetic  center  it  will  be  parallel 
to  the  bar;  aftcrv\ards  the  fouth  end  will  dip,  and 
the  needle  will  Hand  perpendicular  to  the  bar, 
when  it  is  direef  ly  over  the  north  pole. 
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Of  the  Influence  of  the  Aurora  Borealis 
oil  the  Magnetic  Needle* 

MefTrs.  Wilckc  and  Van  Swinden  have  clear- 
ly proved,  that  thcie  is  a connection  between  the 
aurora  borealis  and  the  magnetic  needle ; they 
have  fhewn  it  to  be  fo  evident,  fo  general,  and 
fo  conftant,  that  no  one  who  examined  the  affec- 
tions of  the  one  and  the  other  with  attention,  could 
have  any  doubts  on  the  fubjeCt.  It  remained 
however  for  Mr.  Dalton*  to  give  a complete  and 
fatisfadtory  account  of  this  connedlion^  and  it  is 
with  great  pleafure  I take  this  opportunity  of 
recommending  his  work  to  your  attentive  oe- 
rufal.  ^ 

From  various  obfervations  he  has  fhewn,f 
I.  When  the  aurora  appears  to  rife  only  about  5^  10' 
or  15®  above  the  horizon,  the  needle  is  very  little 
difturbed,  and  often  infenfible.  2.  When  it  rifes  up 
to  the  zenith,  and  paffes  it,  there  never  fails  to 
be  a confiderabie  diflurbance.  3.  This  difturb- 
ance  confifls  in  an  irregular  ofcillation  of  the  hori- 
zontal needle,  fometimes  to  the  eaflward,  then  to 
the  weflward  of  the  mean  daily  pofition,  in  fuch 
fort  that  the  greateft  excurfions  on  each  fide  arc 
nearly  equal,  and  amount  at  Manchefter  to  about 
half  a degree  on  each  fide.  4.  When  the  aurora 
ceafes,  or  foon  after,  the  needle  returns  to  it's 
former  flation* 

From  thefc  fads  alone,  fays  Mr.  Dalton,  in- 
dependent of  other  obfervations^  we  cannot  avoid 
inferring,  that  there  is  fomething  magnetic  con-^ 
fiantly  in  the  higher  regions  of  the  atmofpherc. 

^ ^ 2 that 

* Meteorological  Obfervations  and  ElTays,  by  John  Dalton, 
^793* 

+ Dalton’s  Obfervations,  p.  1^3, 
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that  has  a {hare  at  leaft  in  guiding  the  needle  ; and 
that  the  fludluations  of  the  needle,  during  the  aii^ 
roray  are  occafioned  by  fomc  mutations  that  then 
take  place  in  this  magnetic  matter,  in  the  incum- 
bent atmofphere. 

Of  the  Similarity  between  Electricity 

AND  Magnetism. 

The  powers  of  magnetifm,  like  thofe  of 
electricity,  are  excited  and  feparated  by  friSIion. 
This  effect  is  wonderful  in  both,  but  more  fo  in 
magnetifm,  where  two  powers,  naturally  attract- 
ing each  other,  remain  feparated  in  the  fame 
Iteel  bar  for  many  years,  and  yet  they  may  be 
reduced  to  their  natural  flate  by  the  friCfion  of 
two  other  magnets,  aCting  in  a contrary  order  to 
that  by  which  the  poles  were  originally  fepa- 
rated. 

Magnetifm  and  eleCtricity  aCt  powerfully  at 
corners,  edges,  and  points. 

Magnetifm  may  be  communicated  to  a fmall 
fteel  needle,  by  pafTing  the  difeharge  of  a large  elec- 
trical battery  through  it. 

The  difeharge  of  an  electrical  battery  through 
a fmall  magnetic  needle,  will  fometimes  deftroy 
the  magnetifm,  and  fometimes  invert  the  poles  of 
the  magnet.  Similar  effecls  have  been  produc- 
ed by  lightning. 

Of  the  Theory  of  Magnetism. 

Here,  as  in  other  parts  of  natural  philofophy, 
we  muft  content  ourfelves  with  mere  conjecture.  Of 
the  various  hypothefes  that  have  been  formed  to 
account  mechanically  for  the  phenomena  of  mag- 
netifm. that  of  Mr.  FrevoM  is  undoubtedly  the, 

belt; 

* Prevoft  De  POrigine  dcs  Forces  Magnetiques  a Geneve^ 

i7£8. 
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"befl  ; but  as  it  depends  on  a knowledge  of  Mr.  Le 
Sage's  mechanical  fyilem  of  the  univerfe,  it  will  be 
impolTible  for  me  to  lay  it  before  you  in  a fatisfac- 
tory  manner ; you  muft  therefore  be  contented  with 
a very  imperfed  fketch  thereof. 

H YPOTHESIS. 

There  exifls  in  and  about  our  globe,  a very 
fiibtil  fluid  pofTefling  the  following  properties. 

1.  It  is  expand ve,  and  confequently  diferete.  ^ 

2.  The  molecules  of  this  fluid  are  forrned  by 
the  union  of  two  kinds  of  elements.  A,  B,  united  by 
aftinity. 

3.  The  elements  of  the  different  kinds  have 
a greater  tendency  to  each  other,  than  thofe  of 
the  fame  kind. 

4.  That  excepting  the  preceding  property 
(n.  3),  tliefe  attradions  follow  the  fame  laws  as 
univerfal  gravitation. 

5.  This  fluid  has  an  affinity  wdth  the  parti- 
cles of  iron,  and  which  probably  ads  only  at  con- 
tad,  or  when  very  nearly  in  contad.  This  fluid 
is  decompqfed  by  iron,  and  feldom  'by  any  thing 
elfe. 

The  foregoing  properties  of  the  magnetic  fluid 
may  be  all  mechanically  explained  on  the  princi- 
ples of  Mr.  Le  Sage. 

To  explain  the  magnetic  phenomena  of  the 
earth,  it  is  fufficient  to  fuppofe  that  one  aliment 
of  the  magnetic  fluid  is  furniflied  by  nature,  in 
greater  abundance  in  one  hemifphcre  than  the 
other  ; or  that  a fmall  portion  thereof  be  dccom- 
pofed  by  fome  of  the  caufes  perpetually  ading  in 
» nature,  by  which  means  the  terreflrial  globe  is 
maintained  in  a charged  flate,  having  a greater 

HI13  abundance 
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abundance  of  one  element  in  one  hemifphere  than 
in  the  other.  This  accumulation  may  principally 
cxift  m the  atmofphere.  ’ 

On  confidering  that  the  aurora  borealis,  the 
■zodtacd  light,  eleBricity,  znd  heat,A\  in  fome  mea- 
lure  aftedt  the  magnetic  needle,  there  feems  ground 
for  fuppofing  that  one  or  other  of  the  elements  of 
the  niagnetic  fluid  is  furnilhed  by  the/o/ar  rays. 

When  we  confider  the  extent  occupied  by  the 
magnetic  fluid,  we  are  naturally  led  to  inquire 
whether  it  s effluvia  courfe  inceflantly  over  land 
and  lea,  only  to  turn  here  and  there  a mariner’s 
compafs  ? Being  glTurcd  that  God  governs  by  a 
long  fubordination  of  fecond  caufes ; that  he  not 
only  employs  a concurrence  ot'  caufes  to  produce 
one  effedl,  but  likewife  produces  various  effedls 
fiom  one  and  the  lame  caufe;  we  may  fafely  an— 

01  her  ufes  of  the  magnetic 
effluvia,  befldes  thofe  we  difeern.  Here  again,  as 
in  every  other  part  of  philofophy,  we  have  a further 
confirmation  ot  the  littlenefs  of  human  know- 
ledge, and  fee  how  much  pains  God  has  taken,  fo 
to  Ipeak,  to  hide  pride  from  man^ 
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On  Meteorology. 

There  is  fcarce  any  fubjedl  in  which  mankind 
feel  thcmfeives  more  - interelkd,  than  in  the 
Rateof  the  -j^enihery  that  is,  in  the  temperature  of  the 
air,  the  inhuencesof  wnnd’  rain,  &c.  It  forms  a 
principal  topic  of  common  converfation.  By  the 
weather,  the  traveller  endeavours  to  regulate  his 
journies,  and  the  farmer  his  operations  ; by  it  plen- 
ty and  famine  are  difpenfcd,  and  millions  are  fur- 
nifhcd  with  the  necelfarics  of  life.  It  is  intimate- 
ly conneded  with  the  health  of  the  human  body, 
and  with  every  part  of  natural  hidory,  and  more 
particularly  with  agriculture.  You  w ill  therefore 
hnd  this  branch  of  philofophy  peculiarly  interefl- 
ing  ; the  more  fo  as  it  will  lead  you  to  confider  the 
great  operations  in  nature. 

'‘Here  you  may  fee  and  admire  the  changes  in 
the  elements,  which  prefent  us  wdthall  that  is  great 
and  wonderful  in  nature,  and  which,  w ith  a variety 
little  lefs  than  infinite,  work  together  for  the  good 
of  man,  and  the  prefervation  of  the  w^orld.’' 

I have  long  fince  obferved  to  you,  how^  im- 
properly the  fcience  of  natural  philofophy  has  been 
treated  by  it’s  moft  zealous  advocates,  and  ableft 
profefTors;  it  is  high  time  for  them,  after  fo  much 
labour  in  vain,  to  return  to  the  point  from  w hence 
they  lliould  have  fet  out,  and  now  begin  to  con- 
■ fider  the  great  agency  of  the  elements.  It  i§  by  this 
agenejy  that  all  the  phenomena  we  perceive  arc 
performed  ; by  it  the  grow’th  of  plants,  the  liie  of 
individuals,  are  fuppoi  ted  and  preferved  ; by  it  the 

H h 4 planets 
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planets  are  maintained  in  their  refpecTiive  fitua- 
tions,  and  made  to  revolve  in  their  orbits. 

I here  is  no  hope  in  the  prefent  mode  of 
philofophiiing,  but  ot  feeing  experiments  varied, 
and  fads  multiplied  ; and  they  may  be  thus  multi- 
plied and  varied  to  eternity  without  advancing  us 
one  dep  towards  a knowledge  of  the  caufes  opS-at- 
ing  in  nature.  The  indefatigable  experimentaliil: 
niay  pioceed  for  ever,  and  flounoer  like  the  mole 
in  the  dufr  lie  raifes  about  himfelf;  but  by  con- 
tinually heaping  up  of  facTs,  or  making  expe- 
riments, he  will  never  be  able  to  trace  either  the 

nature  or  defign  of  the  operations  carried  on  in  this 
fyfteni  of  things.”  For  the  univerfe  is  a fyftem, 
in  which  all  the  parts  are  connecled  and  related* 
and  matter,  as  a part  of  the  created  w^orld,  has  ?no-^ 
iion  ; but  he  who  would  underffand  the  nature  of 
motion,  by  conlidering  motion  abffradedly,  (as  is 
the  cafe' with  many  modern  philofophers.)  is  ffudy- 
ing  motion  from  that  which  has  no  motion  belong- 
ing to  it.  There  is,  as  I have  before  obferved  to 
you,  no  injulated  fa£f  in  nature  \ they  are  all  fyfte- 
matic,  or  mechanical,  having  a double  reference  ; 
as  ededs  to  their  caufes,  and  as  caufes  to  their  ef- 
feds.  The  material  world  is  an  immenfe  bodv 
compofed,  like  our  own,  of  an  infinite  number  of 
parts,  fo  interwoven  together,  as  to  unite  in  one 
cgmmon  center.  It  is  the  bufinefs  of  philofo- 
phers to  point  out  thefe  connedions,  and  to  explain 
why  they  appear  to  us J'eparated,  and  thus  lead  us 
to  that  principle  of  unity  which  harmonizes,  and 
connects  all  the  works  of  creation. 

But  alas,  you  find  the  philofopher  continual- 
ly lofing  fight  of  the  true  conllruction  of  nature, 
and  endeavouring  to  build  fyflems  upon  matter  inde- 
pendently conjidered,  upon  which  he  can  only 
rajfc  fuch  a vsprld  as  iicver  did  nor  can  exilf,  being 

as 
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as  empty  and  abfurd,  as  it  is  arbitrary.”  You 
find  phyficians  treating  of  the  nature  and  caujes 
of  difeafeSy  of  blemiflies,  of  preternatural  appear- 
ances in  the  body  ; but  wholly  indifferent,  and  al- 
together inattentive  to  the  proceedings  of  the 
healthy  (economy:  you  will  find  an  hundred 
rations  orv  feverSy  for  one  upon  life.  The  a&ion  of 
fi7UuUy  and  the  irritahility  of  the  living  fibre 
have  been  the  lubjedts  of  many  ingenious  difeuf- 
fions;  the  regular  and  uniform  ad/ionofthe  fibre y but 
of  few.  It  is  the  fame  with  philofophy;  we  have 
treatifes  on  light y as  feparated  and  divided  by  the 
prifm;  on  heaty  as  meafured  by  the  thermometer;  but 
none  on  that  ocean  of  the  solar  fluid,  in  which 
all  bodies  are  as  it  were  immerfed  ; none  upon  the 
various  influences  of  the  ftiUy  upon  which  the  na- 
tural life,  and  the  activity  of  all  thinps  in  the  n'l 
tural  world  depend.^ 

li  we  look  into  artificial  nature,  we  fhall  eve- 
ry where  find  a want  of  known  agents.  Hence 
the  variety  and  changes  ol  opinion  with  refpedl:  to 
a great  number  of  phenomena  that  are  obferved 
in  our  laboratories;  although  we  can  there  multi- 
ply and  vary  the  proceffes,  and  thus  fubiccH  our 
conjedures  to  experiment;  but  the  phenomena 
being  all  on  a Imall  fcale,  we  are  often  but  verv 
little  ilruck  with  circumfiances,  that  may  in  theiD 
felves  be  very  important,  and  which  are  daily  ner' 
ccived.  We  are  diffident  of  the  exadnefs  of  our 
meafures  and  weights  ; we  fufped  fome  forei<rn  in 
fiuence,  from  the  vcfiels  iifcd,  from  the  difpajity  in 
fubffances  ot  the  fame  kind  and  name,  or  from 
fome  unknown  adion  of  the  air  and  vapour  - and 
yet,  unlefs  wc  have  learned  not  to  be  fiuirfied  Vith 
vague  conjecture,  we  fddom  attend  to  the  notices 

which 

* Effay  on  ihe  Powers  and  Mechanlfm  of  Nature 

Jones  s Phyliological  Diiquifitions.  ^^ature. 

Adams  s DilTertaiion  on  ilie  Barometer,  &c, 

» to 
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vhich  rcfult  from  the  imperfe6Uons  and  inaccura- 
cies of  our  theories.  But  in  the  laboratory  of  the 
atmofpherey  all  the  phenomena  are  carried  on 
upon  a fcalc  proportioned  to  their  importance 
among  the  operations  of  nature,  which  can  be  dif- 
turbed  by  nothing  foreign  to  thefe  operations, 
without  producing  fome  charadleriific  phenome- 
na ; every  thing  has  a reference  to  the  vcffel  itfelf, 
i.  e.  to  the  furfacc  of  our  globe,  whofe  dif- 
tincl:  parts,  as  minerals,  vegetables,  and  animals,  of- 
fer malTes,  perpetually  changing;  here,  therefore,  the 
difagreernent  of  theory  with  fa(^l;s,  muft  give  us 
great  and  important  kfibns.* 

If  you,  how^ever,  compare  attentively  meteo- 
rological phenomena  with  our  phyfical me af tires , the 
barometer,  the  thermometer,  hygrometer,  &c.  you 
will  find  yourfelf  unable  to  reduce  them  to  any 
InzVy  that  can  be  exprefled  by  the  rang^  of  thefe 
inftruments : which  (hews  more  evidtendy,  than 
any  thing  that  can  be  feen  in  our  laboratories,  the 
ncccifity  of  admitting  other  combinations,  than 
thofe  that  are  known,  and  even  perhaps  other  in- 
gredients. 

The  meteorological  phenomena,  whofe  caufes 
we  have  yet  to  explore,  are  thofe  that  are  moft 
common  and  the  molt  important  to  terraqueous 
phyfics.  They  arc  the  changes  of  beat  indepen- 
dent of  feafons  and  latitude,  thofe  of  zvinds,  and  the 
variations  in  the  heights  of  a local  barometer  ; 
the  vicifTitudes  of  nn';;,  and  fair  zveather ; aerial 
elediricity-t  and  magnelijm\  the  relations  of  the 
flate  of  the  air  to  owx  fenjaiions  \ the  fmall  con- 
nection we  find  between  vegetation,  (as  well  in  ge- 
neral, as  for  certain  particular  products)  and^  the 
diflcrcnt  remarkable  characlcrs  of  ihp  f 

* De  Luc,  Idccs  fur  la  f leteorologic,  a work  that  th'OuM 
be  fully  confideied  by  all  u ho  n:fan  to  nnderdand  the  bjeft, 
and  to  which  I am  indebted  for  a great  part  of  the  Leau'^s  on 
Meicorolog^. 
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All  thefe  grand  lines  in  the  operations  of  nature 
on  our  globe  are  to  us,  with  refped:  to  the  produc- 
ing caufes,  as  a fealed  book. 

Thefe  obfervations  on  the  chemtpry  of  nature 
are  by  no  means  defigned  to  lelTen  your  efleem  for 
that  of  our  laboratories,  which  is  certainly  one  of 
the  principal  fources  of  all  the  true  fcience  we 
jioflefs.  They  are  defigned  to  fhew  you,  that  the 
fmalleft  meteorological  phenomena  fhould  te  flu- 
died  with  as  fcrupulous  an  attention,  as  that  we 
pay  to  the  modifications  of  a little  in  our  clofe 
velTels;  for  it  is  thefe  phenomena  which  fliould  guide 
us  in  our  refearches  into  the  nature  of  the  latter. 

In  the  atmofphere  every  caufe  produces  it’s  ef- 
fecfls  : ihtfuhtil  fluids  are  there  difiributed  accord- 
ing to  their  natural  tendencies ; and  can  form  or 
dellroy  themfelves  differently,  in  different  times, 
different  foils, different  climates:  the  winds,  which 
have  feldom  been  confideied,  but  as  more  or  lefs 
violent,  warm,  or  humid,  may,  with  refped  to  thefe 
fluids,  anlwermore  important  purpofes,  than  what 
have  yet  been  attributed  to  them.  In  a word,  great 
general  caufes  ael  in  the  atmofphere  from  wliich 
our  confined  air  is  fecluded.  It  is  therefore  only 
by  letting  meteorology  and  chemtjlry  go  hand  in 
hand,  that  we  can  hope  to  be  fecure  from  error  in 
either  purfuit,  or  be  ei^abled  to  make  advances  to- 
wards real  knowledge. 

Our  refearches  into  the  nature  of  thefe  interefl- 
ingobjedls  will  be  ever  vague,  and  of  courfe  attended 

with  but  little  fiiccefs,  till  we  have  fome  certain 
theory  on  the  nature  of  expanfible  fluids,  and  in 
general  of  all  phyjical  dgents,  Here  it  may  be 
proper  to  obferve,  that  W'e  commonly  join  to  phyr- 
fical  laws  the  idea  of  their  being  an  explanation  of 
phenomena:  but  this  notion  is  erroneous,  for  all 
phyfical  laws,  not  excepting  even  thofe  of  gravity, 
are  only  generalifaiions.  We  are  now  acquainted 

with 
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vith  many  phenomena,  where  the  real  agents  ma- 
r^ifeh  thernlelves,  and  whofe  laws  flow  from  the 
nature  of  thefe  agents : it  is  to  fuch  as  thefe  only 
that  the  idea  of  a phyfical  explanation  can  be  at- 
tached. Thus,  to  allign  to  phenomena  a real  and 
determined  agenty  adding  in  a certain  manner,  and 
from  which  certain  elfecds  are  the  natural  confe- 
quences  ; and  to  Aiew  that  the  iaws  of  thefe  phe- 
nomena correfpond  thereto  ; is  really  to  explain  the 
phenomena.  Now  we  know  phenomena  enough, 
thus  connected  with  real  caufes,  to  enable  us  by 
analogy  to  extend  very  far  the  real  links  that  con- 
nedt  effects  one  with  the  other  in  nature;  remem- 
bering always  to  confider  true  agents  as  being 
more  and  more  general,  the  further  they  are  re- 
moved from  us,  or  fubordinate  as  they  approach 
us.  Thefe  are  the  proper  objecds  to  occupy  the 
attention  of  a rational  philofophery  as  the>  alone 
can  form  the  foundation  of  rational  phyJicSy  one 
that  will  give  us  efficacious  aid  in  our  experimen- 
tal rcfcardies.  ' What  would  become  of  practical 
mechanics,  if  in  elementary  mechanics  there  was 
no  fyficm  of  it’s  agentSy  no  laws  previouny  de- 
termined, which  they  follow  when  they  operate. 
And  yet,  though  all  is  atiion  in  nature,  philofo- 
phers  fcarce  think  of  looking  for  the  true 

■ Among  the  means  of  advancing  our  know- 
ledge in  nu'teorologyy  are  the  inftruments  that  have 
beem  contrived  to  afeertain  the  variations  m the 
weight  of  the  atmofphere  ; it’s  changes  with  re- 
foeCt  to  temperature ; the  degrees  of  humidity y &c. 
If  every  one  who  is  in  poiTcffion  of  meteorological 
inflruments  would  keep  a diurnal  regiher  of  their 
bate,  and  of  the  correfponding  phenomena  d me 
atmofphere,  and  tranfmit  the  refult  of  his  obfer- 
vations  to  the  public,  he  would  contriDute  more 
to  the  advancement  of  this  branch  of  fcience  than 


On  Meteorology. 


477 

he  might  at  firfi:  imagine.  While  he  was  amufing 
himfelf,  and  gratifying  curiolity,  he  would  be  pro- 
moting knowledge,  and  probably  procuring  bene- 
fits for  poftcrity.  l.et  no  one  fufFer  the  apparent 
improbability  of  fuccefs  to  difcourage  him  from 
the  attempt.  Remember  that  fcience  advances  by 
fiow  and  gradual  fieps,  that  k’s  progrefs  depends 
on  the  cultivation  of  the  mind,  the  acquifition  of 
fadls,  the  removal  of  obftacles,  and  the  exertion 
of  individuals:  the  prefent  is  ever  pregnant  with 
the  future,  though  the  connedfion  between  them 
can  only  be  found  by  long  attention  and  diligent 
obfervation.  A regifter  for  preferving  what  no 
memory  can  retain,  becomes  an  authentic  docu- 
ment, a reference  from  which  fadls  may  be  com- 
bined and  compared,  and  thus  one  of  the  pureft 
fources  of  pradical  knowledge.  To  indulge  ends  fo 
rational,  to  as  great  an  extent  as  the  human 
powers  can  reach,  and  with  as  much  enjoyment 
as  the  human  mind  can  bear.  Divine  Providence 
hath  appointed  the  means,  whereby  each  man’s 
Imall  fcock  of  knowledge  and  truth  may  be  com-- 
municated  to  others  without  lofs  to  himfelf ; and 
further,  how  it  may  be  placed  in  a common  lreafury\ 
for  every  man  to  draw^  from  thence  whatever  his 
occafions  or  inclinations  may  require.  Thefe  ends 
are  known  to  be  accomplilhcd,  the  firft  by  fpeecb, 
the  latter  by  writing  and  piihlijhing  what  is 
written. 

It  may  be  obferved  in  general,  x\\?iV7neteorolo^ 
gical  phenomena,  like  all  the  durable  motions  of 
the  univerfe,  depend  upon  a circulation  of  matter. 
Here  it  is  principally  carried  on  by  changing  of 
water  into  a new  form,  and  a regeneration  of  it 
again  into  it’s  primitive  form.  It  goes  o if' from 
the  furface  of  the  earth  in  the  form  of  a rare  in- 
vifible  expanded  vapour;  in  the  atmofphere  it’s 
fiate  is  changed,  and  from  that  of  vapour  to  an 
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aeriform  fluid  ; by  fomc  unknown  caufe  it  is  again 
changed  into  mifl:  and  clouds,  is  then  gathered  in- 
to drops  when  it  falls,  and  in  this  form  it  returns 
to  the  place  from  whence  it  came,  to  take  it*s 
turn  once  more  in  the  common  courfe  of  evapora- 
tion, and  be  again  and  again  circulated  to  the  great 
promptuary  of  the  world. 

The  principal  objeds  therefore  of  inquiry 
are,  ift,  In  what  manner  the  atmofphere  is  fuppli- 
ed  with  humidity?  2dly,  What  caufes  and  v, 'hat  pre- 
vents invifible  humidity  from  being  formed  into 
clouds  ? And,  jdly.  What  occafions  and  what  pre- 
vents vifible  clouds  from  being  precipitated  in 
rain  ? That  is,  to  know  the  various  ballancings  of  the 
clouds,  and  learn  how  fuch  ponderous  materials 
are  fufpended  in  the  air  ? And  how  the  waters  are 
hound  up  in  the  thick  clouds  F 

As  one  of  the  principal  means  of  anfwering 
thefe  inquiries  are  the  inflruments  ufed  to  dif- 
cover  the  changes  in  the  atmofphere,  I lhall  firfl: 
deferibe  thefe,  and  then  proceed  to  give  you  fome 
account  of  meteorological  phenomena.  The  in- 
flruments  in  general  ufe  are,  i.  a barometer:  2. 
a thermometer : 3.  an  hygrometer ; 4.  a rain- 
guage:  5.  an  elcdlrometer. 

Of  THE  Barometer. 

In  treating  of  the  barometer,  I fhall  have 
only  to  enlarge  on  fome  circumflances  that  were 
but  nightly  noticed,  when  I explained  this  inflru- 
ment  to  you  in  my  fecond  Lecture.  The  barome- 
ter, as  I there  fhewed  you,  confifls  of  a flrait 
giafs  tube,  about  thirty-two  inches  long,  open  at 
one  end  and  clofc  at  the  other;  this  tube  is  firft 
filled  with  mercury,  and  then  inverted  in  a bafon  < 
of  the  fame  fluid,  by  applying  a finger  to  the 
open  end;,  fo  as  to  prevent  any  air  from  entering 
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the  tube ; when  the  open  end  of  the  tube  is  im- 
merged  beneath  the  furface  of  the  mercury  in  the 
bafon,  the  finger  is  withdrawn  ; the  tube  being 
now  let  upright,  the  mercury  defeends,  leaving  the 
top  of  the  tube,  and  fubfiding  till  it  has  attained  a 
certain  didance  from  the  furface  of  that  in  the 
bafoii;  this  is  more  or  Icfs,  according  to  the  date 
of  the  air  at  the  time  of  making  the  experiment. 
The  tube  is  then  fixed  to  a frame  with  a fcale  an- 
nexed, to  fhew  at  all  times  the  height  of  the  mer- 
curial column. 

From  the  method  of  filling  the  tube,  the  air  is 
excluded  from  the  toppf  the  column,  or  that  part 
of  the  tube  above  the  furface  of  the  mercury  in  the 
tube.  ^ The  external  air  prelfes  upon  the  quick- 
filver  in  the  t idem,  and  fudains,  by  it’s  preffure 
in  a contrary  direction,  a column  equal  in  weicrhc 
to  itfelf.  For  it  is  evident,  that  the  mercury 
vours  to  dejeend  with  a force  equal  to  that  by  which 
;7’j  defeent  is  prevented.  In  other  words,  the  pref- 
fure of  the  atmofphere  on  a given  furface  is  equal 
to  the  weight  of  a column  of  mercury,  whofe  bafe 
is  the  given  furface,  and  height  equal  to  that  of 
the  atmofphere.  The  height  of  the  mercury  is 
therefore  an  adequate  mcafure  of  the  weight  or 
prefiure  of  the  air  upon  a furface  equal  to  the 
bafe  ol  the  tube  containing  the  mercury. 

I he  i.ruth  ol  this  realoning,  I have  confirmed 
by  feveral  experiments  exhibited  in  my  fecond 
Lecture  ; you  there  faw,  when  a barometer  was 
placed  under  a receiver,  that  in  proportion  as  the 
air  was  exhauded  from  the  furface  of  the  mercury 
in  the  balon,  the  colunin  in  the  tubedefeend- 
ed  till  at  fad  they  were  nearly  on  the  fame  level. 
The  barometer-guage  exhibited  the  reverfe  of  this 
experiment,  for  you  there  faw  the  mercury  rife  in 
the  tube  in  proportion  as  the  air  was  eihauded 
therefrom,  the  open  air  prdfing  at  the  fame  time 

upon 
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upon  the  furface  of  the  mercury  in  the  bafon. 
What  is  thus  exhibited  by  our  inhruments  is  con- 
firmed by  nature,  for  the  higher  we  afeend  in 
the  atmofphere,  the  fliorter  is  the  column  of 
mercury. 

The  barometer  with  a Jlrait  tuhe\  as  origi- 
nally contrived  by  Torricellius,  is  preferable  to  all 
the  fubfequent  variations  in  it’s  form.  When  it 
was  found  that  the  dilferent  heights  of  the  mer- 
cury in  the  barometer  were  in  fome  meafure  con- 
nedted  with  the  flate  of  the  weather,  the  philofo- 
pher  and  artift  endeavoured  to  vary  the  form  of 
the  iiiftrument ; hence  a variety  of  conflrudlions 
more  or  lefs  accurate  according  to  the  views  of  the 
inventors,  and  the  diffance  to  which  they  removed 
the  barometer  from  it’s  original  fimplicity. 

They  thought  that  by  augmenting  the  /cafe  of 
the  barometer,  and  thus  rendering  the  variations 
of  the  mercury  more  fenfible,  they  fliould  looner 
difeover  the  minute  changes  of  the  atmofpherc, 
and  the  caufes  which  occafioned  them;  unfortu- 
nately by  altering  the  conhrudlion  of  this  inftru- 
ment,  they  only  multiplied  errors,  and  rendered 
it  lefs  capable  of  anfw^ering  the  purpofes  for  which 
it  was  defigned.  Some  of  thefc  forms  may  appear 
more  elegant  than  the  plain  barometer,  but  none 
of  them  can  be  depended  upon  for  keeping  an  ac- 
curate regifter  of  the  w'eather,  or  for  obferying 
the  extent  of  the  variation  thereof  in  any  given 
Situation,  or  comparing  the  diherent  changes  at 
one  place  with  correfponding  ones  at  another. 
Hence  it  is  neccflary  to  point  out  to  you  what  is 
rcquifuc  toconflitute  a good  barometer. 
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Of  some  of  the  principal  Req^^isites  of  a 

GOOD  Barometer.* 

1.  It  is  requifitethat  the  height  of  the  column 
of  mercury  be  altered  by  no  other  caufes  but  the 
changes  that  arife  from  the  prefTure  of  the  air, 
and  that  thefe  changes  be  truly  indicated. 

2.  That  the  variations  in  the  height  of  the 
column  be  afeertained  by  a known  meafure. 

3.  Thar  the  column  of  mercury  be  fufceptible 
of  the  fmallefl:  alterations  in  the  weight  of  the 
air. 

In  order  that  the  column  of  mercury,  in  the 
tube,  may  be  affedled  by  no  other  caufe  than  the 
preflure  of  the  air,  it  is  abfolutely  requifite,  that 
the  upper  part  of  the  tube,  and  the  mercury  itfelf, 
be  entirely  freed  from  air;  for  if  there  be  any  air 
between  the  upper  furface  of  the  column  of  mer- 
cury and  the  fealed  end  of  the  tube,  it  will  be  the 
fource  of  many  errors  and  much  irregularity. 
The  included  air  will  aOt  as  a counterpoife  againft 
the  weight  of  the  atmofphere,  and  to  a certain 
degree  counteradt  it’s  prelTure,  and,  therefore, 
render  the  indication  of  the  inftrument  uncertain 
and  erroneous.  This  included  air,  being"  alfo  often 
combined  with  humidity,  expanded  by  heat,  or 
contradled  by  cold,  acts  difterently  at  different 
times:  the  only  method  of  preventing  thefe  errors, 
and  perfectly  excluding  the  air  from  the  barome- 
ter, is  by  boiling  the  mercury  in  the  tube:  an  ope- 
ration which  is  carefully  performed  in  all  the  belt: 
inftruments. 

To  BOIL  the  Quicksilver  in  a BAROMETERTuBE.f 

Choofe  a tube  not  lefs  than  three  feet  long 
VoL.  IV.  li  Witt 

* See  my  DifiTertalion  on  the  'Barometer  and  Thermometer, 

X 7.90. 

+ De  Luc’s  Recherches  fur  Ics  Modifications  de  I’Atmofphere. 
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wirh  a bore  about  three  or  four  twentieths  of  an 
inch  in  diameter,  but  not  more  ; and  that  it  may 
be  fufhciently  ftrong,  it  Ihould  be  nearly  as  thick 
on  all  Tides  as  the  diameter  of  the  bore.  Let  this 
tube  be  nicely  fealed  or  clofed  at  one  end,  and  as 
dean  as  polTible  ; fill  the  tube  w ith  pure  mercury 
to  within  two  inches  of  the  top,  and  then  hold  it 
with  the  fealed  end  lowefl  in  an  inclined  pofition 
over  a chafmg-difh  of  burning  charcoal,  placed 
near  the  edge  of  a table,  in  order  that  all  parts  of 
the  tube  may  be  expofed  fucceiTively  to  the  adion 
of  the  fire,  by  moving  it  obliquely  over  the  chaf- 
ing-difli.  The  fealed  end  is  to  be  firfl  gradually 
prefented  to  the  fire;  as  Toon  as  the  mercury  be- 
comes hot,  the  internal  fur  face  of  the  tube  will  be 
Pudded  with  an  infinite  number  of  air-bubbles, 
giving  the  mercury  a kind  of  grey  colour  ; thefe 
increafe  in  fize  by  running  into  one  another,  and 
afeend  towards  the  higher  parts  of  the  tube,  where 
meeting  with  a cooler  part  of  the  fluid  they  are 
condenfed  and  nearly  difappear.  In  confequence 
how^ever  of  fucceflive  emigrations  towards  the 
upper  parts  of  the  tube  which  are  fucceflively 
heated,  they  finally  acquire  a bulk  which  enables 
them  in  their  united  form  entirely  to  efcape.  Wheri- 
the  firfl:  part  of  the  tube  is  fufficiently  boiled, 
move  it  onward  by  little  and  little  through  the 
W'hole  length  of  the  tube.  When  the  mercury 
boils,  it’s  parts  flrike  againfl  each  other,  and 
againfl:  the  Tides  of  the  tube  with  fuch  violence,, 
that  a perfon  unacc]uainted  with  the  operation  na- 
turally appi'chends  the  deflrudion  of  his  tube. 

The  great  advantages  that  refult  from  this 
operation  appear  to  be  thefe  : the  whole  body  of 
the  mercury,  and  the  interior  fiirface  of  the  tube,, 
are  hereby  freed  from  all  the  minute  and  imper- 
ceptible particles  of  dufl  and  moiflure  which  they 
generally  contain,  and  of  the  little  atmqfpberes 

that 
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that  arc  feen  to  furround  them  j which,  during 
the  tumultuous  motions  of  the  mercury,  are  vifibly 
driven  up  towards  it’s  furface,  and  expelled.  The 
tube  and  the  mercury  are  deprived  likevvifc  of  all 
xhe  air  that  can  be  expelled  from  them,  and  par- 
ticularly from  the  furface  of  the  former,  by 
the  violent  heat  and  agitation  of  boiling  quick- 
hlver.  As  that  heat  too  is  a determinate  or  fixed 
quantity,  it’s  effects  in  expelling  the  air  from  dif^ 
ferent  tubes  will  be  nearly  equal ; fo  that  though 
forne  fmall  portion  of  air  may  hill  be  left  in  them, 
there  can  be  no  difference  in  the  quantity  of  it 
remaining  in  different  tubes  thus  uniformly  treat- 
ed. Accordingly,  the  barometers  thus  prepared 
not  only  hand  higher  than  thofe  which  have  not 
undergone  this  procefs ; but  at  the  fame  time  they 
pretty  accurately  cerrefpond  with  each  other. 

M.  De  Luc  obferves,  that  the  greatefl  part  of 
the  air  which  is  expelled  during  the  procefs,  pro- 
ceeds from  the  internal  furface  of  the  tube,  where 
it  feems  to  have  formed  a thin  ftratum  or  lining  of 
air,  which  cannot  be  diflodged  from  thence 
by  the  mercury  introduced  into  the  tube  in  the 
common  manner,  but  requires  the  violent  heat 
and  agitation  of  boiling  quickfilver  to  detach  it. 
But  it  is  very  remarkable,  that,  after  this  aerial 
coating  has  been  once  effedually  feparated  and  ex- 
pelled, if  the  tube  be  emptied,  and  fome  other, 
even  cold,  mercury  be  introduced  into  it,  the  baro- 
meter thus  extnnporancoujly  made,  will  be  nearly 
as  perfedf,  or  as  free  from  air,  as  before.  It  will 
ftand  nearly  as  high  as  it  did  when  it  contained  the 
mercury,  that  had  been  boiled  in  it ; if  the  fame 
procefs  be  now  repeated,  it  will  not  be  fludded  with 
bubbles  of  air,  as  in  the  former  operation  ; when 
the  mercury  has  been  completely  boiled,  the  tubes 
may  be  cut  off  to  their  proper  length  by  a file. 

When  tubes  are  well  boiled,  the  mercury 

^ i ^ generally 
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generally  remains  furpendcd  at  top,  and  will  not 
del'cend  to  it’s  proper  level  without  fhaking  the 
tube  to  bring  it  down. 

That  the  changes  in  the  height  of  the  mer- 
curial column  may  be  truly  afeertained,  it  is  ne- 
cefl'ary  to  know  at  all  times  the  exa(^l  diftance  of 
the  lurface  of  the  mercury  in  the  tube,  from  the 
furfacc  in  ihc  refervoir  or  eiftern. 

The  firh  point  of  the  meafure  muH:  commence 
from  the  furiace  of  the  mercury  in  the  ciftern ; 
but  this  furface  is  variable,  for  w'hen  the  mercury 
defeends,  a quantity  of  it  falls  into  the  bafon,  and 
raifes  the  furface  thereof ; and  on  the  contrary, 
W'hen  it  rifes,  a quantity  is  taken  out  of  the  ciftern, 
and  the  furface  thereof  is  lowered.  The  fcale  of 
inches  to  the  barometer  is  fixed  ; but  the  furface 
of  the  mercury  in  the  ciftern  from  which  it  origi- 
nates is  continually  varying.  To  remedy  this  evil, 
it  is  necelTary  that  the  lower  furface  ftiould  be  al- 
w'ays  kept  at  the  fame  height  from  the  divifions 
on  the  fcalc  affixed  to  the  inftrumeni.  This  is 
cftccfted  by  means  of  a floating  guage,  which  was 
firft  applied  to  the  barometer  by  my  Father,  though 
others  have,  lince  his  time,  aftumed  the  merit  to 
themfelves..  By  means  of  the  floating  guage,  the 
fame  ferew  that  renders  the  barometer  portable, 
regulates  the  furfiice  of  the  iTiercury  in  the  ciftern, 
fo  that  it  is  always  at  the  place  from  whence  the 
divifions  on  the  fcale  commence.  This  guage  is 
never  applied  to  the  common  portable  barometers, 
but  only  to  thole  of  the  beft  kind. 

Another  circumftance  needfary  to  be  attend- 
ed to  in  very  accurate  obfervations,  is  the  effect 
of  heat  and  cold  on  the  barometer,  as  by  thefe  the 
mercurial  column  is  either  dilated  or  contradled  j 
for  as  all  bodies  expand  and  occupy  larger  fpaces 
when  their  temperature  is  incrcafed,  the  mercury 
in  the  barometer  will,  when  heated,  be  fpecifi- 
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caily  lishter,  and  will  confequently  afcend  from 
that  caufe,  though  the  prefTure  of  the  air  ftiould 
rernain  unchanged ; and  therefore,  in  or  er  to 
know  accurately  the  effed:  of  the  air’s  prelTure 
on  the  barometer,  it  is  neceflary  to  correct  the 
height  by  the  addition  or  fubtra6lion  of  a quanti- 
ty equal  to  the  influence  of  the  temperature  of 
the  air  thereon.  In  forne  cafes  a fcalc  of  cor- 
rcdlion  is  applied  to  the  thermometer  accompany- 
ing the  barometer,  and  whicb  is  indeed  a neccfTary 

companion  to  it.  1 3 i r 

2d.  Condition.  That  the  fcale  Ibould  be  ot 

fomc  known  meafure.  It  would  have  been  totally 
unnecelfary  to  have  mentioned  this  condition,  had 
it  not  been  to  prevent  you  from  being  impofed 
upon  by  venders  of  imperfeef  inftruments.  Some 
of  thefe  inflruments  have  no  determinate  fcale 
affixed  to  them  ; and  thofe  which  have  a fcale,  have 
one  that  is  in  general  ill  graduated  and  erroncoufly 
placed,  fo  that  no  comparative  obfervutions  can  be 
made  with  them  ; and  often,  indeed,  no  obfer- 
vation  at  all  ; as  from  the  fmall  bore  of  the  time, 
they  adt  as  a thermometer,  as  well  as  a barometer. 

I have  already  obferved,  that  by  enlarging  the  fcale, 
error  is  multiplied,  and  uncertainty  produced. 

3d.  Condition.  That  the  fmallefl:  changes  in 
the  height  of  the  column  of  mercury  may  be  dif-- 
cerned. 

do  meafure  the  fmallefl:  changes,  a nonius 
diviflon  moves  with  the  index,  by  which  each  inch 
is  fubdivided  into  100  parts,  and  the  height  of 
the  mercury  is  accurately  obtained  without  any 
danger  from  parallax,  by  the  peculiar  conffruc- 
tion  of  the  index. 

Of  the  Nonius. 

The  fcale  of  inches  is  affixed  to  the  right  fide 
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of  the  tube,  the  zero  or  beginning  of  the  fcale 
Ming  at  the  furface  of  the  mercury  in  the  ciftern 
the  index  and  it’s  nonius  plate  Aide  up  and  down 
in  a groove  which  is  parallel  to  the  line  of  inches, 
that  the  index  may  be  fet  at  any  time  to  the  upper 
iiiria,cc  ot  the  column  of  mercury. 

Each  inch,  or  line  of  inches,  is  divided  into 
ten  parts,  which  are  again  fubdivided  into  ten,  by 
means  of  the  nonius  fcale  ; the  whole  inch  being 
thereby  divided  into  loo  equal  parts. 

To  READ  OFF,  OR  ESTIMATE  THE  DIVISIONS  OF 

THE  Nonius  Scale. 

^ I . If  that  edge  of  the  nonius  fcale,  which  is 
in  a line  with  the  index,  coincides  exadUy  with 
any  divifion  on  the  line,  of  inches,  that  divifion 
exprefles  the  height  of  the  index  from  the  furface 
of  the  mercury  in  the  ciflern,  in  inches  and  tenths 
of  inches.  But  2dly,  If  the  foregoing  edge  does 
not  coincide  with  any  divifion,  you  muft  look  for 
that  divifion  of  tne  nonius,  which  coincides  with  a 
divifion  in  the  line  of  inches,  and  the  number  on 
the  nonius  fhews  how  many  tenth  parts  of  the 
tenth,  the  index  or  edge  has  palTed  the  lafi:  deci- 
mal divifion.  Thus  for  example,  fuppofe  the  edge 
of  the  nonius  was  to  point  fomewhere  between 
29  inches  § tenths,  and  29  inches  9 tenths;  then 
if  by  looking  at  the  nonius,  you  obferve  the  coin- 
cidence at  it  Ihews  the  altitude  to  be  29  inches 
8 tenths  and  5 parts  of  another  tenth,  or 
29,  85. 

Of  THE  COMMON  PORTABLE  BaRDMETER, 

This  infirument,  when  made  with  care,  will 
anfvver  for  general  and  domefiic  obfervation,  but  is 
not  fufiicjently  accurate  forphilofophicalpurpofes. 
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It  coniifis  of  a tube,  of  a proper  length,  accurate- 
ly filled  with  mercury  ; the  lower  end  of  the  tube 
is  glued  to  a wooden  refervoir,  the  bottom  of 
which  is  formed  of  .leather ; into  this  refervoir  the 
fuperfiuous  mercury  defeends,  and  the  air,  by  pref- 
fing  upon  the  flexible  leather  at  the  bottom  of  the 
refervoir,  keeps  the  mercury  fufpended  at  it’s  pro- 
per height.  This  refervoir  is  concealed  from  the 
eye  by  a neat  mahogany  cover,  or  box.  This  tube 
and  refervoir  are  placed  in  a frame,  on  the  upper 
part  of  which  is  a filvered  brafs  plate  ; on  the 
right  hand  fide  of  this  plate  is  a fcale  of  inches, 
reckoned  from  the  furface  of  the  mercury  in  the 
ciftern  ; each  inch  is  divided  into  ten  parts.  Clofe 
to  the  line  of  inches  there  is  a flit,  or  groove,  for 
conveniently  Aiding  the  nonius  fcale  and  index  up 
and  down.  The  upper  edge  of  the  index  and  no- 
nius fcale  arc  in  a line.  It  is  the  upper  edge  of  the 
index  that  is  to  be  fet  to  the  upper  furface  of  the 
mercury.  On  the  left-hand  fide  of  the  plate,  the 
words  FAIR,  CHANGEABLE,  RAIN,  are  cngravcd.  At 
the  bottom  of  the  frame  there  is  a ferew  pafiing 
through  the  mahogany  box  which  covers  the  re- 
fervoir : a flat  round  plate  is  placed  upon  the  end 
of  the  ferew  w'ithin  the  box ; this  end  is  dcfigned 
to  prefsupoii  the  leather  bag,  and  force  the  mercu- 
ry up  to  the  top  of  the  tube,  and  thus  prevent  it 
from  fliaking,  or  violently  ftriking  againfl:  the  top 
of  the  tube  when  tranfported  from  one  place  to 
another. 

To  USE  THE  Portable  Barometer, 

1.  Sufpend  it  againfl:  a wall,  or  wainfeot,  fo 
that  the  tube  may  be  perpendicular  to  the  ho^ 
rizon. 

2.  Unferew  the  ferew  at  the  bottom  of  the 
frame  as  low  as  it  will  go,  and  the  mercury  w ill 

Ii4  fall. 
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fall  to  it’s  proper  height,  and  be  obedient  to  the 
changes  in  the  weight  of  the  air. 

3.  Set  the  upper  edge  of  the  index,  fo  as  to 
coincide  with  the  furface  of  the  mercury  in  the 
tube,  and  the  nonius  fcale  will  point  out  the  height 
of  the  column. 

4.  Before  every  obfervation,  Brike  the  frame 
gently  with  the  knuckles,  to  difengage  the  quick- 
ill  ver  from  the  tube. 

5.  If  the  barometer  is  to  be  moved  from  one 
place  to  another,  turn  the  ferew',  till  the  mercury  is 
prelTed  by  it  againft  the  top  of  the  tube. 

DiiFECTS  OF  THE  COMMON  PORTABLE  BaROMETER. 

It  is  necelTary  here  juft  to  mention  fome  of  the 
defedts  of  this  kind  of  barometer,  in  order  to  ren- 
der the  advantages  of  the  better  kind  more  con- 
fpicLious. 

1.  It  cannot  be  fo  adjufted  as  to  be  fure  that 
the  divifions  on  the  fcale  are  at  that  height  from 
the  mercury  in  the  ciflern,  which  is  exprelTed  by 
the  numbers  affixed  to  them.  As  when  the  mer- 
cury falls  in  the  tube,  it  rifes  in  the  refervoir  ; and 
W'hen  it  rifes  in  the  tube,  it  falls  in  the  refervoir; 
it’s  diflance  is  perpetually  varying  from  the  divi- 
fions of  the  fcale. 

2.  The  tenfion  of  the  leather  forms  a confi- 
derable  refiftance  to  the  prefTure  of  the  atmo- 
fphere. 


Of  THE  BEST  Portable  Barometer. 

This  barometer,  like  the  preceding,  confifls  of 
a glafs  tube,  properly  filled  with  mercury,  having 
the  lower  end  fixed  to  a wooden  ciftern,  with  a 
leather  bottom,  and  this  tube  and  eifiern  placed  in 
^ mahogany  frame. 


On 


Of  Meteorology. 


489 


On  the  upper  part  of  the  frame  a brafs  plate 
IS  placed  ; on  the  right-hand  lide  of  the  tube  a 
fcale  of  inches  is  graduated  on  the  plate,  the  be- 
ginning of  the  fcale  being  at  the  lurface  of  the 
mercury  in  the  ciftern:  each  inch  is  divided  into 
ten  parts,  which  arc  again  fubdivided  into  tenths 
by  the  nonius  fcale. 

The  nonius  plate  carries  two  indexes,  exailly 
limilar  to  each  other,  one  placed  before  the  tube, 
the  other  behind  it.  The  indexes  may  be  raifcd  or 
deprelfed,  by  turning  the  key,  which  fits  into  a 
fmall  hole  in  the  frame,  dire<!:tly  under  the  groove 
of  the  nonius  plate. 

On  the  left  hand  of  the  tube  a fmall  thermo- 
meter is  placed,  with  Fahrenheit’s  fcale;  there  is 
an  index  to  the  thermometer,  which  may  be  fet  by 
the  fame  key  as  the  barometer,  only  putting  it  in- 
to the  fmall  hole  under  the  thermometer,  and  turn- 
ing it  round  till  the  index  points  to  the  mercury  in 
the  thermometer.  A fcale  for  corredling  the  ex- 
panfion  of  the  mercury  in  the  barometer,  is 
often  graduated  clofe  to  the  fcale  of  the  ther- 
mometer. 

The  upper  part  of  the  barometer  is  covered 
with  a glafs  plate,  to  prevent  the  filvering  of  the 
plate  from  being  injured  by  dirt,  or  being  corrod- 
ed by  the  action  of  the  air. 

Of  the  lower  Part  of  the  Barometer. 

The  lower  end  of  the  tube  is  immerfed  in  the 
. ciflern  which  contains  the  mercury ; the  ciftern  is 
covered  with  a mahog;anv  box;  at  the  bottom  of 
the  frame  is  a ferew,  to  raife  or  lower  the  furface 
of  the  mercury;  at  the  top  of  the  ciftern  is  a hole, 
which  is  fitted  w'ith  an  ivory  ferew,  to  be  placed 
there  occafionally  for  the  conveniency  of  tranf- 
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porting  the  inflrumcnt  fafely  from  one  place  to 
another. 

The  giiage  confifts  of  a fmall  ilem  of  ivo- 
ry, arifing  from  a float  of  the  fame  fub- 
Pance  ; a circular  divifion  is  cut  round  riiisflem; 
the  ftem  paffes  through  a ffiort  cylinder  of  ivo- 
ry, which  is  cut  open  in  front  ; on  this  front 
t-\vo  fmall  divifions  are  cut  ; at  the  bottom  of 
this  cylinder  is  a male  ferew,  to  fit  the  female 
ferew  of  the  ciftern  ; the  upper  part  of  tlie 
guage  is  protected  by  a tube  of  glafs  perforated 
at  top. 


To  USE  THIS  Barometer. 

1,  The  barometer  being  fixed  in  a perpendi- 
cular pofition,  unferew  the  ferew  at  bottom  as  far 
as  it  will  go  without  forcing  it. 

2.  Take  out  the  ivory  ferew  at  the  top  of  the 
cifiern,  and  place  it  between  the  fcroles  on  the  up- 
per part  of  the  frame. 

3-  Screw  the  guage  into  the  place  from 
whence  the  ivory  ferew  was  taken. 

4.  Screw  up  that  ferew  which  is  at  the  bottom 
of  the  frame,  until  the  line  on  the  float  exadly 
coincides  with  the  two  lines  on  the  front  of  the 
ivory  cylinder. 

5.  Strike  the  barometer  gently  with  the 
knuckles,  and  then  fo  fet  the  lower  edge  of  the 
front  index  to  the  convex  furfacc  of  the  mercury 
that  it  may  be  at  the  faYne  time  in  a line  with  the 
edge  of  the  index  behind  the  tube ; and  the  nonius 
W'ill  then  give  the  true  height  of  the  mercurial 
column,  from  the  fiirface  of  the  mercury  in  the 
ciffern. 

6.  The  preceding  rule  for  fetting  the  guage 

mufi  be  complied  with  previous  to  every  obferva- 
tion.  4 

7,  If 
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7.  If  the  barometer  is  to  be  tranfported  from 
one  place  to  another,  the  guage  muft  be  removed, 
and  the  folid  ivory  ferew  inferred  in  it’s  place';  af- 
ter which,  the  mercury  in  the  tube  m;y^  be  forced 
gently  up  to  the  top  thereof,  by  the  icrew  at  the 
bottom  of  the  frame. 

Of  the  Scale  of  Correction. 

This  fcale  is  placed  clofe  to  that  of  the  ther- 
mometer ; but  on  the  right-hand  fide,  the  zero,  or 
D degree  of  this  fcale,  correfponds  to  the  55th  de- 
gree of  the  thermometer. 

1.  If  the  barometer  is  at  30  inches,  and  the 
thermometer  at  5 5 degrees,  no  corredion  is  necef- 
fary. 

2.  But  if  the  thermometer  be  under  55,  and 
the  barometer  at  30  inches,  you  muft  add  to  the 
height  of  the  barometer  as  many,  of  the  looths  of 
inches  as  are  on  the  fcale  of  corredion  oppolite  to 
the  degree  of  the  thermometer. 

3.  If  the  thermometer  be  above  55,  and  the 
barometer  at  30  inches,  you  muft  fubtrad  as  many 
looths  as  are  indicated  by  the  given  degree  of  the 
thermometer  on  the  fcale  of  corredion. 

4.  The  fcale  applied  to  the  thermometer  an- 

fwers  for  the  general  range  of  meteorological  ob- 
fervations  ; but  if  the  height  of  the  barometer  be 
very  far  diftant  from  30  inches,  it  will  be  neceffa- 
ry  to  make  ufe  of  the  rule  of  three,  in  order  to  ob- 
tain the  true  corredioi) : for  inftance,  let  the  baro- 
rneter  be  at  26  inches,  which  we  wdll  call  P,  c the 
corredion  indicated  by  the  thermometer,  x the  true 
corredion : then  as  30 : P : : c : x ; or  j“=x,  which 
is  to  be  added  to  the  height  of  thV  barometer 
whenever  the  thermometer  is  under  55  deerrees,  but 
to  be  fubtraded  when  it  is  above  55.  ^ 
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Of  the  Thermometer. 

« 

No  inflrumcnt  is  of  more  importance  for  mak- 
ing difeoveries  in  meteorology  than  the  ther- 
mometer, as  it  points  out  the  temperature  or  de- 
gree of  heat  of  the  air  and  other  bodies.  Heat 
and  cold  are  perceptions,  the  ideas  of  which  we 
acquire  by  the  fenfes.  Our  fenfaiions  are  however 
inadequate  meafures  of  heat  and  cold,  tor  they  de- 
pend not  only  on  the  fubtfance  which  excite  them, 
but  on  the  ad ual  Rate  of  our  bodies  at  that  time  : 
wc  cannot,  therefore,  conclude  the  exad  identity 
or  hmilarity  of  the  caufe,  from  the  famenefs  of  the 
fenfations,  unlefs  we  can  be  atfured  that  our  bodies 
are  in  the  fame  date  : if  they  be  not,  the  fame  ob- 
jeds  will  produce  verv  diflerent  fenfations.  Thus 
if  the  hand  be  plunged  into  lukewarm  water,  this 
water  will  appear  cold  if  the  hand  be  warm;  but 
if  the  hand  be  cold,  the  water  will  appear  to  be 
warm  ; though  in  both  cafes  it  pofleffes  the  fame 
tem.perature. 

Our  fenfes  are,  therefore,  both  imperfed  and 
deceitful  meafures  of  heat ; and  we  cannot  afeer- 
tain,  by  their  means  only,  the  date  of  the  furround- 
ing bodies  with  refpeCl  to  heat  or  cold.  I his  oc- 
cafioned  philofophers  to  feek  lor  fome  method  by 
which  they  migtit  determine  the  temperature  of 
bodies  wdth  more  certainty.  This  they  found  in 
the  property  ot  hre  to  dilate  and  expand  all  bo- 
dies, w hether  folid  or  fluid  ; and  ot  cold,  to  con- 
trad  or  condenfe  them.  This  expanfion  and  con- 
tradion  is  confidcred  as  a meaiure  infinitely  more 
certain  of  the  degrees  of  heat  and  cold,  than  the 

fenfes.  ‘ 

It  would  appear  from  this  expandon,  that  jir^t 

when  it  is  agitated  by  that  mption  which  w e call 

beat,  always  acted  as  if  it  wanted  more  room,  and 

this  in  fuch  a wonderful  manner,  as  if  every  parti- 
cle 
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cic  of  fpacc  in  which  it  exifts  were  a radiant  point 
or  center,  from  whence  it  fpreads  forcibly  outwards 
in  every  dire<5lion ; and  conlec|uently  w'hen  fire, 
thus  adfing,  is  admitted  into  the  pores  of  bodies, 
their  parts  muft  be  ftretched  out,  and  their  dimen- 
lions  every  way  increafed,  according  to  the  degree 
of  fire  by  which  they  are  adted  on.  Some  idea,  of 
the  force  of  this  expanlion  may  be  gained  by  con- 
fidering  how  vafl  a weight  may  be  fufpended  from 
a bar  of  iron,  or  brafs,  in  a vertical  pofition,  with- 
out feparating  the  parts  of  the  metal,  or  ovcrcorn- 
ing  the  force  with  w^hich  they  cohere.  Now  this, 
fire  eafily  executes,  fo  far  relaxing  the  texture  of 
brafs  and  iron,  that  their  parts  will  fall  afunder 
with  nothing  but  the  force  of  gravity. 

Thermometers  are  in[iruments  which  meajiire  the 
degree  of  heat  by  the  expanfion  of  bodies.  Fluids 
are  thofe  generally  ufed,  becaufe  they  are  dilated 
more  readily  than  folids ; and  quickiilver  is  pre- 
ferred to  other  fluids,  becaufe  it's  expanfibility  is 
not  affe(fl:ed  by  the  different  circumffances  in 
which  it  is  placed  ; it  docs  not  foil  the  tube  like 
many  other  fluids,  and  at  the  fame  time  affords  an 
extenfive  fcale  of  divifions. 

A thermometer  is  a tube  of  glafs,  the  end  of 
which  is  blown  into  a ball  or  cylinder  ; the  ball, 
and  part  of  the  tube,  is  filled  with  mercury.  The 
fluid  in  the  ball  dilates  b}-  the  heat,  and  contracts 
with  the  cold,  which  occafions  the  fluid  in  the 
tube  to  rife  and  fall ; and  the  fmallcr  the  bore  of 
the  tube  is  in  proportion  to  the  ball,  the  more  vi- 
fible  will  be  the  rife  of  the  fluid  by  a fmall  expan- 
lion. We  may,  therefore,  confidcr  this  inliru- 
ment  as  a convenient  meafure  of  the  changes  of 
heat  and  cold,  which  is  fhewm  by  the  fcale  to 
which  the  tube  is  affixed. 

But  it  is  not  fufticient  to  have  found  a mea- 
fure of  heat;  it  nrult  be  univerfal,  always  fpeak- 
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ing  the  fame  language,  and  awaking  the  fame  idea^ 
in  the  mind,  in  all  places,  and  at  all  times. 

To  this  end  it  is  necefiary,  i.  That  this  mea- 
fure  fhoiild  begin  from  a known  and  determinate 
point.  And,  2.  That  another  point,  equally  cer- 
tain as  the  firll,  but  at  fome  diftancc  from  it,  be 
fixed  upon.  And,  3.  That  the  fpace  between  them 
be  divided  into  a certain  number  of  parts, 
which  in  all  inliruments  will  have  a conftant  pro- 
portion. 

It  has  been  fully  proved,  that  the  temperature 
of  freezing  water,  or  melting  ice,  is  confiantly  the 
fame  in  ail  places,  and  at  all  times.  The  fame  m.ay 
be  faid  of  boiling  water,  under  a given  preffure  of 
the  atmofphere.  If,  therefore,  the  ball  of  a ther- 
mometer be  plunged  into  melting  ice,  and  after- 
tvards  into  boiling  water,  and  left  in  each  till  it  ac- 
quires their  temperature,  and  marks  are  made  at 
the  refpedtive  heights  at  which  the  mercury  ftands 
in  each,  two  fixed  points  will  be  obtained.  To  be 
more  particular: 

if  ben  ice  is  at  the  melting  temperature,  what- 
ever be  the  heat^ow  apply  to  it,  it  does  not  become 
hotter’,  a thermometer  in  the  middle  of  the  mafs, 
continually  Hands  at  the  thawing  point  as  long  as 
any  of  the  ice  remains  about  it,  fo  that  the  fame 
caufc,  w hich  in  other  circumfiances  would  produce 
heat,  here  only  produces  liquifaBion.  Hence  it  is, 
that  melting  ice,  or  freezing  water,  is  fo  well 
adapted  for  giving  one  of  the  fixed  points  of  a 
thermometer.  1 he  quantity  of  fire  abforbed  by  ice 
in  melting,  is  fuch  as  would  increafe  the  tempera- 
ture of  the  water  about  14.0  degrees:  converfely^ 
water  may  be  cooled  i 8 degrees  below  the  freez^ 
ing  point,  without  freezing;  congelation  cannot 
take  place  till  a certain  portion  of  the  combined 
or  latent  fire  is  difengaged  ; when  any  part  does 
congeal,  the  fire  let  loofe,  raifes  the  thermometer 
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to  the  freezing  point,  and  it  continues  there  till 
the  water  is  frozen;  after  which,  as  the  \Vater  in 
the  firft  cafe,  fo  the  ice  in  the  latter,  obeys  the  ex- 
ternal temperature. 

Continual  acceflion  of  fire  arrives  at  water 
when  boiling,  without  increafing  the  heat  there- 
of; iox  ebullition y under  any  given  prelTure,  can- 
not take  place,  till  the  vapour  produced  in  the  li- 
quid, has  obtained  a degree  of  expand ve  force, 
fufheient  to  raife  the  liquor  into  bubbles;  under 
that  preirure,  and  fo  long  as  the  vapour  retains  this 
.heat,  it  muft  continue  capable  of  reffting  the  fame 
preiTure  ; as  the  heat  abates,  a decompolition  takes 
place,  which  cccalions  the  opake  Itcam  over  boiU 
ing  water. 

Thefe  principles  explain  the  fixity  of  the 
boiling  point,  for  vapours  cannot  be  formed  with- 
in the  mafs,  unlefs  they  have  fufheient  expanfivc 
force  to  difplace  or  raife  it  into  bubbles  : they  can- 
not acquire  this  force,  till  the  heat  is  arrived  at  a 
certain  point,  and  as  foon  as  they  have  acquired  it, 
they  cfcape  in  virtue  of  that  expanfion  : further  ac--- 
cefTion  of  fire  palfcs  oif  in  the  fame  manner,  and 
only  accelerates  the  evaporation. 

Though  boiling  xvater  under  the  fame  prefTiiic 
has  always  the  fame  heat,  it  may  be  made,  before  it 
does  boil,  to  receive  a greater  heat,  than  it  can  re- 
tain w'hen  it  docs  boil.  In  a vefiel  with  a very 
narrow  orifice,  filled  with  water,  well  purged  of 
air,  though  the  water  fufiains  no  other  prefTurc 
than  that  of  the  atmofphere,  yet  it’s  particles  meeC 
with  fo  ’much  refi fiance  to  their  feparation,  that 
Mr.  de  Luc  found  it  would  receive,  without  boil- 
ing, a heat  22  degrees  above  the  boiling  point ; as 
foon  as  vapours  could  form  chemfeives,  their  cx- 
panlivc  force  was  fo  great,  that  they  pufiied  a large 
quantity  of  water  out  of  the  vdTel,  in  the  way  of 
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explofion,  but  the  remainder  was  immediately  re- 
duced to  boiling  heat. 

The  vapours  of  boiling  water  arife  from  zvith-- 
in  the  mafs,  but  water  may  yield  from  it’s  furface 
vapours  of  an  eOjUal  expanlive  force,  provided  they 
are  confined  in  a place  of  equal  temperature  with 
themfclves.  Thus  if  water  be  introduced  above 
the  mercury  in  a barometer,  the  vapours  it  pro- 
duces in  a temperate  warmth  will  prefs  down  the 
mercury  nearly  half  an  inch.  In  the  heat  of  boil- 
ing water,  they  will  deprefs  it  to  the  level  of  the 
mercury  in  the  bafon  ; being  then  become  equiva- 
lent to  the  preffure  of  the  atmofphere  in  a greater 
heat,  they  will  deprefs  it  below'  the  level,  and  ef- 
cape  at  the  bottom  of  the  tube,  the  water  giving 
no  hgns  of  ebullition  to  the  laff. 

In  making  thermometers,  care  Ihould  be  taken 
that  the  tubes  tiled  for  that  purpofe  be  very  clean, 
and  very  dry  ; the  next  thing  is  to  examine  whether 
the  bore  of  the  tube  is  equal  and  cylindrical 
throughout  ; this  is  eafily  performed,  by  immerg- 
ing  one  end  of  the  tube  in  mercury,  and  taking  it 
out,  previoufly  Hopping  the  other  end  wdth  the 
finger;  by  this  means,  a fmall  portion  of  the  mer- 
cury will  enter  the  tube,  more  or  lefs  in  proportion 
to  the  depth  the  tube  is  immerged  ; meafure  the 
length  of  this  portion  of  mercury,  and  then  Aide 
it  backwards  and  forwards  in  the  tube.  If  the 
length  thereof  is  the  fame  in  all  parts,  the  tube  is 
a regular  cylinder;  but  if  otherwife,  the  diameter 
varies,  and  the  tube  cannot  be  ufed  to  form  a good 
thermometer,  iinlcfs  the  divifions  on  the  Icale  are 
proportioned  to  the  different  lengths  of  this  mer- 
curial cylinder. 

The  tube  being  chofen,  the  bulb  is  to  be 
blown  ; if  the  tube  was  very  regular,  you  may  now 
begin  to  fill  it;  if  not,  you  muff  find  the  propor- 
tion of  the  inequalities  to  adapt  the  divifions  there- 
to ; 
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to;  to  this  end  tie  a paper  funnel  over  the  end  of 
the  tube,  and  pour  a fmall  quantity  of  mercury 
therein,  then  hold  the  bulb  over  the  Hame  of  a 
candle  or  lamp,  and  let  fome  of  the  air  pafs  out 
of  the  bulb  through  the  mercury;  take  it  now  from 
the  lamp,  and  as  the  ball  cools  the  mercury  will 
begin  to  enter  the  tube;  admit  about  half  an  inch, 
take  the  exad:  meafure  thereof,  meafure  the  length 
of  this  portion  in  different  parts  of  the  tube,  and 
you  will  thereby  obtain  data  for  proportioning  the 
divifions  to  it’s  inequalities. 

If  you  have  any  reafon  to  fufpecf  that  there  is 
moifture  in  your  tube,  it  would  be  proper  before 
the  preceding  operation  to  clean  it  ; this  may  be 
done  by  laying  the  tube  on  a plate  of  iron,  or  over 
a chaffing-difli  in  which  there  is  only  a fmall  fire 
mixed  with  cinders  ; it  fiiould  be  continued  there 
till  it  is  fo  hot  that  you  mufi:  ufe  a glove  or  a fmall 
pair  of  pincers  to  hold  it,  taking  care  not  to  warm 
the  bulb.  This  procefs  dilates  the  included  air, 
confumes  fmall  particles  of  dirt  imperceptible  to 
the  eye,  and  evaporates  moifture.  While  things  are 
in  this  ftate,  fuddenly  heat  the  bulb,  and  the  air 
being  thereby  dilated,  drives  before  it  all  thefe  im- 
purities, and  leaves  the  tube  as  clean  as  you  can 
defire. 

To  fill  the  bulb  and  tube,  tie  on  a paper 
funnel  as  before,  and  put  fomewhat  more  mer* 
cury  therein,  than  you  think  will  fill  the  ther- 
mometer ; hold  the  bull)  over  the  flame  of  a lamp 
or  a fmall  candle  newly  fnuflcd,  this  wdll  expand 
and  force  part  of  the  air  froj^i  the  bulb  ; wflien  you 
think  a fufflcient  quantity  is  expanded,  W’ichdraw 
the  tube  from  the  candle  ; in  proportion  as  the  bulb 
cools,  the  remaining  air  will  becondenfed,  and  the 
fpace  it  occupies  will  be  occupied  by  the  mercury ; 
by  thus  alternately  cooling  and  heating  the  bulb,  it 
is  at  laft  completely  filled. 
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When  the  bulb  is  nearly  filled,  you  muft  boil 
the  mercury  therein,  by  applying  it  over  the  flame 
of  a lamp,  or  that  of  a fnulfed  candle.  The  air  in- 
cluded in  the  mercury,  and  that  which  lines  the 
tube,  dilates  itfelf,  is  colleded  in  fmall  bubbles, 
and  expelled  by  the  firft  ebullition;  when  the. 
mercury  boils  violently,  a great  part  of  the  con- 
tents will  rufh  up  the  tube  into  the  paper  refer- 
Yoir.  Remove  the  bulb  from  the  flame,  and  re- 
peat the  operation,  till  the  diminiflied  noife  and 
agitation  fhews  that  it  is  deprived  of  it’s  air  and 
moiflure. 

After  the  boiling  is  completed,  and  the  tube 
cool,  plunge  it  in  melting  ice  or  fnow,  which 
gives  the  temperature  of  32°.  Take  off  the  fun- 
nel, and  hold  the  bulb  in  the  hand,  and  afterwards 
in  the  mouth  ; the  heat  thereof  will  caufe  fome  of 
the  mercury  to  drop  out  of  the  tube  ; cool  it  again 
to  32^,  and  mark  where  the  mercury  ftands.  The 
diflance  between  this  mark  and  the  top  of  the 
tube,  meafures  the  interval  between  freezing  and 
blood  heat,  or  32  and  95,  that  is  63^  and  will 
confequently  point  out  whether  the  oegrees  wull 
be  large  or  fmall,  and  what  extent  your  fcale  is 
capable  of.* 

When  the  number  of  degrees  to  which  the 
length  of  the  tube  will  extend  is  thus  known,  you 
may  fettle  w hereabouts  you  will  have  the  freezing 
point,  which  may  be  nearer  or  further  from  the 
bulb,  accordiilg  as  your  inflrument  is  defigned  to 
meafure  great  or  fmall  degrees  of  heat  01  cold. 
Wow  prepare  the  upper  part  of  the  lube  foi  feal- 
ing,  by  drawing  it  out  to  a fine  capillaiy  tube;  then 
heat  the  bulb  in  the  candle  till  a few  particles  of 
mercury  have  fallen  off  the  top  of  the  tube,  and 

afterward  try  if  the  freezing  point  is  fufficiently 

near 

* Nicholfon’s  Firft  Principles  of  Chemiflry,  p.  26,  27,28. 
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hear  the  bulb ; if  it  be  not,  you  mud  repeat  the 
operation,  beingarareful  however  not  to  throw  out 
too  much  mercury  at  a time.  Have  two  candles 
*now  ready,  one  to  heat  the  ball,  the  other  to 
. clofe  the  tube.  The  blow  pipe  being  in  readinefsi 
the  upper  part  of  the  tube  near  the  flame  of  one 
candle,  and  the  bulb  near  the  flame  of  the  other^ 
the  mercury  will  rife,  and  at  lad  begin  to  form  a 
globule  at  the  point  of  the  capillary  tube  ; at  this 
indant  the  bulb  mud  be  withdrawn  from  the  flame 
of  the  lower  candle,  and  the  flame  of  the  upper 
one  bediredled  by  the  blow-pipe  upon  the  point  of 
the  tube.  This  will  be  immediately  ignited,  and 
will  clofe  by  the  melting  of  it’s  parts  before  the 
mercury  has  perceptibly  fubfided.  When  the  mer- 
cury has  fallen,  the  fealing  may  be  rendered  more 
fecure  by  fufing  the  whole  point  of  the  tube  till  it. 
becomes  found. 

^ To  fettle  the  freezing  pointy  you  have  only 
to  immerge  the  thermometer  fo  deep  in  melting 
fnow  or  ice,  that  the  mercury  may  be  fcarcely 
viflble  above  the  furface,  and  then  carefully  marie 
the  place  at  which  it  dands.  For  i\\&  boiling  point, 
the  Royal  Society  advife  a vcfTel  to  be  provided 
fomewhat  longer  than  the  thermometer,  with  a 
cover  and  two  holes  therein  ,•  one  about  an  inch 
in  diameter  for  the  dcam  to  efcape,  the  other 
dnaller  to  hold  the  thermometer  tube.  When  this 
is  ufed,  the  thermometer  mud  be  fadened  in  the 
cover,  fo  that  the  edimated  place  of  the  boiling 
point  may  be  jud  above  the  hole  j water  mud  then 
be  put  in  the  veffel,  but  fo  as  not  to  touch  the  bulb 
of  the  thermometer,  when  the  cover  is  placed  on 
The  cover  being  put  on,  and  a thin  plate  of  metal 
laid  on  the  deam  hole,  you  are  to  make  the  water 
boil  by  heat  applied  to  the  bottom  only  ; the  ther- 
mometer will  thus  be  furrounded  by  deam  which 
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.will  raifc  it’s  temperature  to  the  boiling  point,  and' 
this  miifl:  be  carefully  marked  on  the  tube. 

Fahrenheit' s jeale  is  that  which  is  ufed  in  Eng- 
land : the  freezing  point  is  called  32,  the  boiling 
water  point  212;  fo  that  there  are  180  degrees,  or 
divifions,  between  them,  which  may  be  extended 
upwards  and  downwards,  as  far  as  is  neceflary. 

Foreigners  ufe  Reaumur'?>y  or  rather  De  Luc's 
fcale,  where  the  freezing  point  is  called  o,  and 
the  boiling  water  point  80. 

Tw'o  thermometers  are  necelTary  for  accurate 
obfervatiom  ; one  to  be  fufpended  within  doors, 
near  the  barometer;  the  other  out  of  doors.  That 
without  doors  fhould  be  placed  at  the  north  fide  of 
the  houfe,  or  w here  it  will  be  (heltered  from  the 
rays  of  the  fun. 

I have  already  fhewn  you,*  that  the  increments 
of  expanfion-  in  a mercurial  thermometer  are  nearly  as 
ihe  increments  of  heat  ; or  in  other  w’ords,  that  the 
dilatations  and  contradlions  of  the  fluid  are  nearly 
proportional  to  the  quantities  of  fire,  wEich  are 
communicated  to,  or  feparated  from  the  fame  ho- 
mogeneous bodies,  as  long  as  they  remain  in  the 
Fame  Hate.  Thus  the  quantity  of  fire  required  to 
raife  a body  four  degrees  in  temperature  by  the 
mcicurial  thermometer,  is  nearly  double  what  is 
required  to  raife  it  two  degrees,  and  four  times  wEat 
is  neceflliry  to  raife  it  one.  This  is  proved  by  put- 
ting a thermometer  firfl:  in  cold  w^ater,  and  then 
into  water  heated  to  any  degree,  noting  the  alti- 
tudes ; then  putting  equal  quantities  of  thefe  tw'o 
waters  together,  w hich  w ill  give  a mean  heat,  and 
the  mercury  in  the  thermometer  will  Hand  at  the 
mean  altitude  between  the  two  before  obferved  ; 
this  is  found  to  be  true,  whatever  be  the  tempera- 
tures of  the  two  parts  of  water. 

Though  in  the  fenfe  here  explained  the  ther- 
mometer 

• Voi.  I.  p.  249,  250  ; fee  alfo  p.  401  to  404. 
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mometer  is  an  accurate  meafurc  of  heat,  yet  I 
have  alfo  fliewn  you,  that  it  can  only  indicate  the 
proportions  of  that  adtion  of  fire  by  which  bodies 
are  expandedy  but  is  by  no  means  a mcafiire  of  the 
whole  quantity  of  fire  difengaged,  difpLiccd,  or 
abforbed  ; properly  fpeaking,  it  is  therefore  only  a 
fcale  of  expanfion  indicating  certain  tranflations 
and  transfufions  of  the  igneous  fluid. 

It  may  be  proper  to  obferve  to  you,  that  glafs 
is  dilated  and  contradled  by  heat  and  cold  together 
W'ith  the  fluid,  and  confequently  the  apparent  va- 
riations in  the  dimenfions  of  the  fluid  arc  the  dif- 
ference between  the  real  cotemporary  expanfions, 
or  fum  of  the  cotemporary  contradtions  of  the 
glafs  and  the  fluid.  The  changes  arifing  from 
thefe  caufes,  are  too  inconfiderable  to  be  worthy  of 
notice  in  the  general  ufe  of  this  inftrument  ; the 
change  of  dimenfion  in  the  glafs  is  prior  to  that  in 
the  fluid  ; hence  the  fluid  is  found  to  fink  before 
it’s  rife,  upon  an  increafeof  temperature;  and  if  the 
bulb  be  large,  fome  time  may  elapfc  before  the  fluid 
acquires  the  fame  temperature  with  the  glafs.  The 
preffure  of  the  atmofphere  on  the  outfide  of  the 
iDulb  not  being  counteradfed  by  any  air  within, 
will  affedl  it’s  magnitude,  dimini fhing  it  as  the 
preffur6  is  increafed.  The  variation  on  the  fcale 
occafioned  by  this  caufe  is,  like  the  preceding  one, 
very  fmall,  being  never  above  one-tenth  of  a 
degree. 

Of  the  Rain-Guace. 

It  is  neceffary,  towards  forming  a fyflematic 
idea  of  the  weather  and  it’s  various  changes,  to 
ineafure  the  quantity  of  rain  which  falls  upon  the 
earth ; and  this  is  done  by  what  is  called  a rain~ 
guage.^ 

The  rain-guage  is  a very  Ample  inflnimenr, 
confifling  of  a fquare  tin  funnel  of  twelve  inches 
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diameter,  communicating  with  a tube  or  cylinder 
of  tin,  into  which  the  rain  is  conveyed  by  the 
funnel.  The  depth  of  the  water  is  meafured  by  a 
rule  fixed  to  a float ; this  rule  pafles  through  the 
center  of  the  funnel.  The  divifions  on  the  rule 
fhew'  the  number  of  cubic  inches  of  w’ater  that  have 
fallen  in  a given  time  on  a furface  of  one  fquare 
foot, 

To  ufe  the  rain-guage,  fo  much  water  fhould 
be  firfl:  poured  in  as  will  raife  the  float,  fo  that  the 
zero,  on  the  rule,  may  exadlly  coincide  with  the 
aperture  of  the  funnel.  The  funnel  is  fo  con- 
trived, as  to  prevent  the  w ater  from  evaporating. 

This  guage  fhould  be  fixed  down  firmly  in  a 
place,  where,  w'hatever  wind  blows,  the  fall  of  the 
.rain  may  not  be  intercepted  by  the  houfe,  'or  any 
othet  impediment. 

Of  the  Hygrometer. 

The  hygrometer  is  an  inflrument,  intended  to 
difeover  the  moifiure  contained  in  the  atmo^ 
fphere. 

As  the  fubflances  that  are  aflfeefied  by  moif- 
ture  are  very  numerous,  fo  alfo  are  the  contrivance's 
that  have  been  executed  to  indicate  the  degrees  of 
moifiure,  and  render  fenfible  the  final  left  varia- 
tions in  the  fubftances  influenced  thereby.  Thus, 
wood  expands  by  moifiure,  and  contrads  by  dry- 
nefs ; on  the  contrary,  chord,  catgut,  ^c.  contrad 
by  moifiure,  and  lengthen  by  drynefs;  confequent- 
]y  the  contradtion  and  expanfion  of  thefe  fubftan- 
ces indicate  dilferent  ftates  of  the  air  with  refped 
to  rnoifture.  The  twifted  beard  of  a wild  oat, 
with  a fmall  index  fixed  to  it,  moveable  againft 
a fcale,  makes  a veiy  good  hygrometer for,  the 
twifting  being  afteffed  by  the  variations  of  moif- 
ture,  moves  the  index, 
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Mr.  de  LuCy  who  has  laboured  more  on  this 
fubjc6l,  and  with  more  fiiccefs  than  any  other  man, 
after  making  an  immenfe  number  of  experiments 
to  find  out  a fubffance,  whofe  expanfion  increafes 
moft,  nearly  in  proportion  to  the  quantity  of  moif- 
ture  imbibed,  found  that  whalebone  and  boXy  cut 
acrofs  their  fibres y increafed  very  nearly  in  pio- 
portion  to  the  quantity  of  moiffure,  and  more  fo  than 
any  other  fubfiances  which  he  tried.  He,  however, 
preferred  the  whalebone ; iff.  on  account  of  it’s 
ffeadinefs,  in  always  coming  to  the  fame  point  at 
extreme  moiffure  ; 2dly.  on  account  of  it’s  greater 
expanlion,  increafing  in  length  above  one  eighth 
of  it’s  length,  from  extreme  dryiiefs  to  extrerne 
moifture;  lafHy,  becaufe  it  is  moreeafily  made  thin 
and  narrow. 

As  the  whole  atmofpheric  oeconomy,  as  far,  at 
lead,  as  relates  to  the  weather,  depends  upon,  or  is 
connected  with  the  hate  of  the  vapour  it  contains, 
it  is  rather  furprizing  that  we  find  fo  few  hygro- 
metrical  obfervations  among  the  many  meteoro- 
logical diaries  that  have  been  publillied.  hrom 
time  immemorial,  the  efl'ecls  of  moifture  have  been 
confidercd  as  prognoffic  of  the  weather,  as  is  evi- 
dent by  the  confidence  the  houfewife  places  in  her 
falt-box,  the  carter  in  his  whit-leather  thong,  and 
the  failor  in  his  fliroiids. 

But  whether  the  hygrometer  be  a prognoftic  or 
not  of  the  weather,  it  is  certainly  of  the  utmoft 
importance  to  the  natural  philofopher,  and  would 
probably  prove  a valuable  oracle  to  the  farmer, 
which  is  fully  evinced  by  the  following  obfervation 
of  Mr.  Marfliall,  in  his  minutes  of  agriculture. 

Yeherday  morning,  (fays  he)  while  the  hygro- 
meter hood  at  2 degrees  moifl,  the  peas  were  by  no 
means  fit  for  carrying;  the  halm  was  green,  and 
« the  peas  foft.  About  ten  o’clock  the  hygrometer 
fell  to  I degree  dry  ; before  one  the  peas  were  in 
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good  order I went  up  into  the  field,  merely  on 
the  WORD  of  the  hygrometer,  and  found  the  peas 
fit  to  be  carried.”^  It  is  plain,  therefore,  that  on 
a fcattered  farm,  in  hay-time  and  harvefl:,  an  hy-. 
grometer  muft  be  peculiarly  ufeful. 

Before  I proceed  to'  take  further  notice  of  hy, 
grometers,  it  will  be  necelTary  to  remind  ^you  of 
the  principles  I have  already  laid  down  concerning 
evaporation  and  vapour  ; for,  unlefs  thefe  are  pro- 
perly attended  to,  you  will  never  be  able  to  attain 
any  fixed  and  certain  notions  of  meteorology. — 
Atmofpherical  fluids  are  divifible  into  two  clafTes, 
vapours  and  aeriform,  the  diftineflive  charadlers  of 
which  are  thefe : vapours  are  decompofed  by 
Jure,  but  aeriform  fluids  bear  the  ftrongeft  com- 
preflion  witnout  decompofition  : vapours  are  de- 
compofed  in  vejfels  hermetically  fealed^  by  the 
fpontaneous  efcape  of  fire ; but  aeriform  fluids  can 
only  be  decompofed  by  feme  fubftance,  to  which 
their  gravitating  matter  has  more  affinity  than  to 
the  fluid  which  maintains  them  in  an  aeriform 
fiate.  In  vapours  the  proportions  of  the  compo- 
nent parts  are  very  variable,  according  to  the  fub- 
fifting  circumflanccs ; but  aeriform  fluids,  when 
once  formed,  continue  in  the  fame  fiate,  and  can 
only  be  changed  by  chemical  caufes  : the  difference 
arifes  from  the  weaknefs  of  the  union  of  water  in 
vapour  with  fire,  fo  that  it  can  feparate  itfclf  there- 
from by  the  mutual  tendency  of  it’s  own  particles, 
when  they  are  brought  within  a certain  difiance 
one  of  the  other,  and  becaufe  fire  can  fo  eafily 
quit  them,  to  refiore  certain  equilibria  with  refpedl  , 
to  itfelf. 

By  watery  vapour,  I do  not  here  mean  vfible 
opake  jleam  or  vapour,  becaufe  that  is  vapour  in  a 
fate  of  decompofition ; I mean  the  invifble  tranf 
parent  exhalations,  which  confiitute  a peculiar  and 
(lijlinf  fliiidi  expanfible  and  compreffiblej  and  fo 
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far  pofTeding  the  mechanical  properties  of  aeri^ 
form  fluids,  and  exercifing  thefe  properties  whether 

n^iixcd  with  them  or  alone. 

The  fpscijic  gravity  ot  thefe  vapours  is  above 
one  half  lefs  than  that  of  common  air;  that  is; 
when  they  exercife  a certain  expanfiye  force,  whe- 
ther alone  or  mixed  v/ith  air,  their  m’cifs  is  above 
one  half  lefs  than  a like  volume  of  atr^  which 
would  exercife  the  fame  expanfivc  force. 

In  the  courfe  of  our  Lectures'on  fire,  I fhewed 
you  that  vapour  confifis  of  particles  of  fire,  united 
with  thofeof  water,  and  that  there  was  no  foun- 
dation for  the  hypothefis  which  confidered  it  as  a 
chemical  folution  of  water  by  airl  This  is,  how- 
ever, an  hypotheiis  that  has  been  adopted  by  fo 
many  writers,  though  contrary  to  every  circum- 
hance  duly  examined,  and  of  fuch  confequence  in 
meteorology,  that  I fhall  again  make  a few  remarks 
thereon.  1 lhall  firfi:  notice  the  phenomena  of  air 
contained  in  water,  and  fliew  you  that  thefe  have 
no  relation  to  the  common  notions  of  folution. 
If  water  be  placed  in  a receiver,  and  a vacuum 
made,  a number  of  air-bubbles  are  formed  in  the 
midft  of  the  water,  which  increafe  in  fize,  and 
then  efcape.  Now,  there  is  no  principle  in  the 
theory  of  dilfolution,  which  can  explain,  why  a 
menftruum,  becaiife  it  is  lefs  preifed,  fhould  let  go 
the  fubftance  that  it  had  dilTolved  ; whereas  it 
fliould  hold  it  firongcr  if  the  menftruum  is  thereby 
dilated.  When  the  water  c cafes  to  produce  air  by 
this  operation,  if  you  agitate  it  ftrongjy,  more  air 
is  difengaged ; this  alfo  is  contrary  to  the  theory  of 
dilfolution,  for  this  is  promoted  by  the  agitation 
of  the  menftruum.  When  both  thelc  methods  ceafe 
to  be  efficacious,  more  air  may  be  diferigaged  by 
heat ; here  the  hypothefis  is  contradifted  at  it’s  very 
foundation  ; the  foie  plaufibility  on  w^hich  it  refted, 
was  derived  from  the  idea  that  the  air  could  contain 

more 
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more  water  when  it’s  heat  was  grcatefi:,  which  of 
courfe  inufl;  alfo  take  place  with  relped;  to  air 
contained  in  water,  to  which  you  fee  this  fadl  is 
diametrically  oppoled.  I have  fliewn  you  jn  the 
Lecture  on  fire,  that  the  phenomena  of  aqueous 
vapour  are  the  fame  in  vacuo  as  in  open  air,  that 
it  may  be  produced  ///  vacuo,  without  any  concur- 
rence of  the  air.  The  denfity  of  the  vapour  is  the 
fame  every  where  at  any  temperature,  provided 
the  particles  thereof  keep  at  a certain  diftance 
from  each  other.  This  denfity  in  every  fpace,  and 
at  every  temperature,  is  determined  by  a certain 
minimum  di fiance  among  the  particles  of  the 
vapour.  It  is  fufficient  for  their  confervation 
as  vapour,  either  in  vacuo  or  in  air,  that  they 
arc  not  forced  to  approach  within  this  difiance. 
The  produd:  of  evaporation  is  always  of  this  na- 
ture, namely,  an  expanfible  fluid,  w'hich  ci&hcr 
alone  or  in  air  affedts  the  manometer  by  preifure, 
and  the  hygrometer  by  moifture,  without  any  dif- 
ference arifing  from  the  prd'ence  or  abfence  of  air. 
I may  again,  therefore,  repeat  after  M.  de  Luc, 
that  every  phcncmenon  proves  that  the  hypothefis  of 
the  folution  of  water  by  air  Is  vague,  without  any 
folid  foundation,  unnecejfary  for  the  explanation  of 
evaporation,  zubile  it  involves  every  branch  of  phi^ 
lofophy  in  obfeurity."^ 

Evaporation  is  a diffolution  of  water  by  fire, 
A mofi  decifive  reafon  in  fiipport  of  this  opinion 
is,  that  every  liquid  cools  when  it  evaporates  ; the 
portion  of  the  liquid  that  difappears,  being  cairied 
away  by  a quantity  of  fire  proceeding  trom  the 
liquid  itfelf.  Mr.  Watt  has  fliewn,  that  in  the 
common  evaporation  of  water  in  open  air,  the 

quantity 

* See  Mr.  de  Luc’s  Loiters,  dans  le  Journal  de  Phyfique,  his 
Idees  fur  la  Meteorologie. 

See  alfo  furtfier  proofs  of  the  errors  of  the  chemical  idea  of 
water  being  folved  by  air,  in  Vol,  2.  Letture  13,  p.  76  and  77. 
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quantity  of  heat  loft  by  the  inafs,  bears  to  the 
quantity  of  water  carried  away,  a proportion  ftill 
greater  than  that  which  is  found  in  the  fteam  pro- 
duced by  boiling  water. 

As  vapour  conlifts  of  fire  and  water  united, 
and  forming  a new  compound,  xht/pecijic  proper^ 
tics  of  each  of  the  component  parts  are  in  certain 
refpedts  fupprefled,  as  in  other  chemical  operations, 
the  water  lofes  it’s  faculty  of  moiftening,  and  the 
fire  that  of  producing  heat ; hence  the  lofs  of  heat 
in  the  evaporation  of  liquids,  and  the  augmenta- 
tion of  heat  in  the  decompofttion  of  vapour.  The 
particles  both  of  fire  and  water  ftill,  however,  re- 
tain the  faculty  of  maintaining  their  refpedlive 
equilibrium  between  the  medium  and  furrounding 
bodies.  Thus  the  particles  of  water  Hill  retain  the 
tendency  of  uniting  together,  and  this  union  takes 
place  whenever  they  are  fo  near  each  other,  that 
this  tendency  can  fiirmount  the  effort  of  the  fire, 
which  keeps  them  dilfeminated. 

Of  courfe,  the  lefs  the  quantity  of  free  fire 
(or  the  caufe  of  heat)  in  a given  fpace,  the  greater 
is  the  diftance  at  which  the  particles  of  water  can 
exert  their  faculty  of  uniting  together,  and  of 
abandoning  their  latent  fire.  The  precipitation  of 
w^ater  or  final  union,  therefore,  takes  place  when 
the  denfity  of  vapour  has  exceeded  certain  limits, 
which  limits  depend  on  the  temperature  ; for  the 
greater  the  quantity  of  free  fire  in  a given  fpace, 
the  nearer  the  particles  of  vapour  may  approach 
each  other  without  being  decompofed,  that  is, 
without  the  watery  particles,  in  confequence  of 
their  natural  tendency,  reuniting  together,  and  quit- 
ting the  fire  with  w'hich  they  were  alTociated. 

Thus  there  is  neceffarily  a minimum  of  dif- 
tance of  the  aqueous  particles,  beyond  which  the 
vapour  cannot  be  comprefled  without  being  de- 
compofed; and  this  is  different  in  different  degrees 

of 
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of  heat,  but  conftant  in  the  famc.^  When  vapour 
is  mixed  with  air,  they  can  fuilain  a much  greater 
preffurc  than  they  can  by  thcmfelves,  bereufe  the 
air  fupports  the  preifure,  and  prevents  the  particles 
from  being  forced  withip  their  rninimLiri;  diitance; 
and  it  is  thus  that  vapours  fublid:  in  the  atniofpherc, 
without  being  decompofed  by  it’s  preiTurc. 

Vapours  are  decompoJcd.nQl  only  by  the  mu- 
tual approach  of  the  particles,  but  alfo  in  virtue  of 
the  affinity  of  water  to  thofe  fubftanccs  that  are 
called  bygrofcopicy  of  which  fire  may  be,  reckoned 
one.  The  principal  law  of  this  aifinity  is,  that 
the  water  diflributcs  itfclf  to  all  the  fubftances  of 
the  clafs  that  are  within  it’s  reach,  to  every  one 
alike,  propoitional  to  it’s  capacity  of  retention. 
If  new  fire  be  inlroduced  into  a given  fpace,  w'hercr 
there  is  no  fuperabundant  water,  it  will  take  azvay 
fome  of  the  water  from  all  the  hygrofcopic  fub- 
flanccs,  and  diminifh  their  humidity.  If  Ibme  of 
the  fire  be  taken  awa)\  the  water  tiiat  wtis  united 
thereto,  will  be  divided  among  all  the  reft;  and  if 
any  other  hygrofcopic  fubftances  be  introduced, 
containing  a greater  or  lefs  quantity  of  humidity 
than  thofe  already  there,  the  furplus  of  humidity 
win  be  divided  among  them.  It  is  by  fire  that  this 
diftribution  is  elTcbted;  the  particles  of  this  element 
being  always  in  motion ^ take  up  the  w'ater  from  one 
that  has  more  than  it’s  ftiare,  and  give  it  out  to 
another  that  has  lefs.  . Thus  hygrofcopic  fubflances 
have  their  humidity  always  proportional  to  the 
places  they  are  in. 

Hygrofcopic  fubftances  are  of  three  diftindl 
clafTes  : ift.  Thofe  that  feize  on  the  water  of  va- 
pour, by  a chemical  affinity  with  that  liquid  ; 
among  thefe  arc  acids,  falts,  and  calces.  2d.  I'hofe 
that  imbibe  the  water,  by  the  tendency  it  has  to 
propagate  itfelf  in  capillary  pores,  but  from  their 
nature  receive  no  fcnfible  increafe  of  bulk  by  it’s 
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introdudlion  ; fuch  are  porous  ftones.  3d.  Thofc 
that,  imbibing  a certain  quantity  of  water,  are 
thereby  expanded ; and  thefc  are  mofl:  of  the  folids 
of  the  vegetable  and  animal  kingdoms.  Mr.  de 
Luc,  by  a long  feries  of  experiments,  to  which  I 
mufl-  refer  you,  ihevvs,  that  the  fubftances  of  the 
laft  clafs  are  the  only  ones  proper  for  hygrome- 
ters, and  that  even  in  this  clafs,  to  avoid  fallacy, 
in  refped:  to  the  moft  important  phenomena,  we 
niuft  ufe  thofc  that  ceafe  to  lengthen,  only  when 
they  cannot  be  penetrated  with  more  water. 

Here,  however,  it  will  be  necelTary  to  define 
in  what  fenfe  we  ufe  the  words  moifture  and  humt-^ 
dity,  for  in  the  manner  they  are  commonly  ufed, 
they  fometimes  imply  a caufe,  fometimes  an  elfecft; 
this  ambiguity  is  not  peculiar  to  thefe  words,  yon 
will  find  many  others  ufed  in  philofophy  as  ambi- 
guous, particularly  when  they  have  been  applied 
to  certain 'phenomena,  the  caufes  of  \vhich  are  not 
determined. 

' ' Moisture,  in  a general  fenfe ^ may  he  conjidered 
as  invifihle  watery  producing  obfervahle  pheno^ 
mena. 

Thus  in  hygrofcopic  bodies^  the  quantity  of 
water  which  expaneis  them,  and  increafes  their 
weight,  is  concealed  wulhin  their  pores ; and  in 
the  ambient  7nediuniy  that  w’ater  which  affe(fts  hy- 
grofcopic bodies,  being  there  under  the  form  of 
vapour,  is  as  invljiblc  as  the  air  itfelf. 

But  in  refpeet  to  bygrometry^  wdiere  jnoijhire  is 
confidered  as  having  correfpondent  degrees  in  the 
medium,  the  W'ord  requires  a more  particular  de- 
termination. Moifture  may  be  either  totally  ab- 
fent  or  abfolutcly  extreme,  both  in  the  hy.grdfco- 
pic  bodies  and  in  the  ambient  medium ; hence, 
both  in  the  whole  and  in  correfpondent  parts, 
moifiurc  afiumes  in  the  medium  the  character  of  a 
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' caufe,  and  in^  hygrofcopic  bodies  that  of  an  cffed?:, 
Thefe  two  circumftances  furnifli  us  alfo  with  a 
fixed  module  for  determining  correfpondent  de- 
grees. 

Moijiureis  totally  ahfenty  firfl,  in  the  medium 
when  it  contains  no  vappur,  and  then  as  a confe- 
quencein  hygrofcopic  bodies,  becaufe  they  contain 
no  more  water  that  can  evaporate,  without  a de- 
compofition  ot  their  component  parts.  The  cafe 
here  fuppofed  is,  that  when,  by  fome  adequate 
caufe,  no  fenfible  quantity  of  vapour  is  permitted 
to  remain  in  the  medium,  as  in  the  lime  veffel 
ufed  by  Mr.  de  Iaic  to  obtain  the  point  of  extreme 
drynefs. 

Moifture  is  extremey  firfl,  in  the  medium,  whe- 
ther air  or  a fpace  free  from  air,  when  no  more 
vapour  can  be  introduced  therein,  without  a part 
being  decompofed  ; and  then,  as  a confequence  in 
hygrofcopic  bodies,  becaufe  no  more  water  can  be 
admitted  in  their  pores. 

Here  it  is  to  beobferved,  that  from  the  nature 
of  the  laft  of  thefe  maxima  the  quantity  of  water 
W'hich  produces  it  (i.e.  extreme  moilhire)  in  agiven 
body  is  fixedy  becaufe  it  is  determined  by  the 
adlual  capacity  of  it’s  pores  ; but  the  quantity  of 
water  which  produces  extreme  moifture  in  a me- 
dium of  a given  extent  is  as  variable  as  the  tem- 
perature. 

The  equilibrium  therefore  between  the  medi- 
um and  hygrofcopic  bodies  in  different  ftages  of 
moifture,  which  equilibrium  is  the  object  of  hy- 
grometry  as  a fcience,  docs  not  depend  on  certain 
quantities  of  water  contained  in  the  medium  of 
whi(;h  bodies  may  receive  their  fhare ; it  depends 
ort  different  aptitudes  of  the  vapour  contained  in 
the  medium  to  communicate  water  to  thofe  bodies  ; 
which  aptitudes  vary  not  only  with  the  different 
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denlities  of  that  fluid,  but  alfo  in  vapour  of  the 
fame  dcnfity  according  to  the  temperature.* 

From  the  hygrometer  we  have  learnt,  that  in 
the  phenomenon  of  dezv  the  grafs  often  begins  to 
be  weti  when  the  air  a little  above  it  is  ftill  in  a 
middle  ftate  of  moijlure ; and  tha:  extreme  moijlure 
is  only  certain  in  that  airy  when  every  folid  ex- 
pofed  thereto  is  zvet.  It  has  taught  us,  that  the 
maximum  of  evaporation  in  a clofe  fpace,  is  far 
from  being  identical  with  the  maximum  of  moif^ 
ture ; this  depending  confiderably,  though  with 
the  conftant  exillcnce  of  the  other,  on  the  tempe^ 
rature  common  to  the  fpace  and  the  zvater  that 
evaporates.  It  has  flievvn,  that  the  cafe  of  extreme 
moijlure  exifting  in  the  open  tranfparent  air,  in  the 
day,  even  when  it  rains y is  extremely  rare : Mr. 
de  Luc  has  only  found  it  once  in  this  ftate,  the 
temperature  being  39^.  MelTrs.  de  SaulTufe  and 
de  Luc  have  proved  by  the  hygrometer,  that  the 
air  is  dryer  and  dryer  as  vve  afeend  in  the  atmo- 
fphere,  fo  that  in  the  upper  attainable  regions,  it 
is  conlfantly  very  dryy  except  in  the  clouds,  Mr. 
de  Sauffurc  has  fliewn,  that  if  the  w'hole  atmofpherc 
paffed  from  extreme  drynefs  to  extreme  moijlurey 
the  quantity  of  water  thus  evaporated  would  not 
raife  the  barometer  half  an  inch.  Laftly,  in  chemi- 
cal operations  on  the  airy  the  greatefl  quantity  of 
evaporated  zvater  that  may  be  fuppofed  in  them, 
at  the  common  temperature  of  the  atmofphcre, 
even  if  they  were  at  extreme  moiflurCy  is  not  fomuch 
as  the  one  hundredth  part  of  their  mafs.  The  two 
laft  very  important  propofitions  have  been  de- 
monftrated  by  M.  de  Saiifjure.^ 

LECTURE. 

* See  Mr.de  Luc's  paper  on  Evaporation,  from  which  ih* 
remarks  on  Hygrometers,  &c.  is  an  extradl,  Phil.  Trans,  for 
1 791 , part  9, 

t See  Mr.  de  Luc’s  fecond  paper  on  Hygrometry,  Phil. 
Trans. 
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Of  Rain. 

IN  a fcicncc  fo  very  difficult  as  that  of  the  wea- 
ther, it  is  not  to  be  fiippofed  that  any  thing 
like  a certain  and  eftabliffied  theory  can  be  laid 
down:  our  utmoft  knowledge  in  this  refped:  goes 
no  further  as  yet  than  the  eftabliffiment  of  a few 
fadts  ; and  in  reafoning  upon  thefe,  we  are  involved* 
every  moment  in  queftions  which  feem  fcarcely 
within  the  compafs  of  human  wifdom  to  refolve. 

To  treat  it  in  a fatisfadlory  manner,  w'e  ought 
to  have  an  intimate  acquaintance  wdth  theconlfitu- 
tion  of  the  atmofphere,  and  the  nature  of  chofc 
powerful  agents,  fire,  light,  and  eledricity,  by 
w'hich  it  feems  to  be  principally  influenced  ; with 
their  peculiar  influences  upon  one  another,  and 
upon  the  atmofphere,  and  this  in  every  poffible 
variety  of  circumftances.  Many  of  the  qualities  of 
air  earth,  water,  and  Are,  have  been  indeed  dif- 
covered  and  eftimated ; but  when  thefe  come  to 
be  united  by  nature,  they  often  produce  a refulc 
which  no  artificial  combinations  can  imitate. 
Every  cloud  that  moves,  and  every  fhower  that 
falls,  ferves  to  mortify  the  philofophcr,  and  to 
ihew  him  hidden  qualities  in  air  and  water  that  he 

is  unable  to  explain. 

The  greater  part  of  the  received  notions  on 
meteorology  are  vague  and  incorred,  not  only 
thole  which  relate  to  the  nature  of  the  caufes,  but 
thole  alfo  which  concern  the  law's  of  their  efieds. 
The  fame  may  be  faid  of  our  notions  of  the  elapcity 
of  the  aWy  of  heat  when  applied  to  this  fluid,  of 

both  igneous  and  aqueous  meteors,  of  fudden  and 
® partial 
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partial  winds  ; they  are  all  fo  many  enigmas  to  the 
philofopher. 

Indeed,  till  we  were  in  polTefTion  of  a good 
hygrometer i it  was  impofTible  to  form  any  certain 
concluhons  concerning  the  moifture  of  the  air  : 
this  difficulty  is  removed  ; Mr.  de  Luc  has  by  nu- 
merous experiments  and  obfervations  furnifhed  us 
with  a comparative  hygrometer^  by  which  together 
with  a thermometer  the  air  can  neither  lofe  nor 
acquire  moifture  without  our  being  advertifed 
thereof. 

By  the  ufe  of  this  hygrometer  we  have  ob- 
tained clear  and  certain  ideas  of  the  caufes,  by 
which  watery /imply  evaporated  in  air,  may  be  pre^ 
cipitated  therefrom.  I'hefe  caufes  are  the  fame 
with  thofe,  which,  in  air  where  the  quantity  of 
evaporated  water  remains  the  fame,  always  produce 
an  increafe  of  moiftiirey  the  neceffary  forerunner  of 
the  precipitation  of  water;  and  thefe  are  two;  the 
comprejjion  of  the  air,  or  it’s  being  cooled : no  other 
caufes  are  indicated  by  experiment.  Some  philo- 
fophers  have  thought  that  the  air,  when  rafified, 
quitted  a portion  of  the  water  which,  according  to 
them,  it  held  in  folution  ; but  I have  ffievvn  you, 
that  this  idea  is  erroneous,  and  that  rarifadion 
occahoned  drynefs  inftead  of  moifture. 

The  great  queftion  therefore  in  the  inquiry 
concerning  the  immediate  caufe  of  clouds,  &c.  is. 
What  becomes  of  the  water  that  rifes  as  vapour 
into  the  atmofphere  ? What  is  the  ftate  in  which 
it  fubftfts  there  between  the  time  of  it’s  evapora- 
tion and  the  time  of  it’s  falling  down  again  in 
rain? 

If  it  continues  in  a ftate  of  watery  vapoury  or 
fuch  as  is  the  immediate  product  of  evaporation, 
it  muft  poflefs.the  diftindlive  charaders  eflential  to 
that  fluid.  It  muft  make  the  hygrometer  move 
towards  humidity  in  proportion  as  the  vapour  is 
. V oL.  IV,  Li  more 
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more  or  lefs  abundant  in  the  air.  On  a diminu- 
tion of  heat»  the  moifture,  as  fhevvn  by  the  hygro- 
meter, would  increafe;  but  on  an  increafe  of  heat, 
the  humidity  would  decreafe.  Again,  on  this  fup- 
pofition,  if  hygrofcopic  fubftances  dryer  than  the 
air  be  introduced  therein,  they  mull  have  the  fame 
effedl  as  an  augmentation  ot  heat : for  fuch  are 
always  the  properties  of  aqueous  vapour  on  every 
hypotheiis  of  evaporation.  If  therefore  water 
exilfs  in  the  atmofphere,  without  thefe  properties, 
it  is  no  longer  vapour y it  mujl  have  changed  tt*s 
nature,  Mr.  de  Luc  has  fhewm,  that  the  water 
which  forms  rain,  does  not  polTefs  thefe  proper- 
ties; it  muft  therefore  pajfed  into  another 

ft  ate. 

Repeated  obfervations  have  flicwn,  that  the 
upper  regions  of  the  atmofphere,  notwithftanding 
the  continual  afeent  of  vapours  there,  'cveo.  dryer 
than  the  inferior  regions  ; on  the  fummits  of 
high  mountains  a degree  of  drynefs  prevails,  un- 
known on  the  plains. 

If  rain  be  the  immediate  producJ  of  evapora- 
.tiofiy  it  ought  always  to  be  preceded  and  accom- 
panied by  a diminution  of  heat,  in  that  firatum  of 
air  where  it  originated;  and  this  diminution,  to 
produce  it’s  effed,  fhould  be  greater  in  proportion 
as  the  moiliure  was  further  removed  from  it’s  ex- 
treme term  in  this  ftratum;  but  in  a great  ftorm  on 
the  mountain  of  Sixty  Mr.  de  Luc  found  that  the 
heat  had  incrcafed  inftead  of  diminifned  ; this 
caufeV'ould  not  operate  here,  and  it  was  therefore 
impoflible  that  the  quantity  ot  which  was 

then  prec'^ pitated  from  the  air  could  have  been  con- 
tained there'  in  the  form  of  the  immedtate  proauPi 

of  evaporation.  , . ^ . r • 

On  every  hypothefis  of  the  formation  ot  lain 

from  vapoury  it  is  heat  that  produces  the  evapora- 

'tion  and  a diminution  of  beat  that  occalions  the 
! . return 
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return  of  vapour  into  water,  and  therefore  rain 
fliould  happen  only  in  the  ni^hiy  or  at  the  coldefl: 
time  of  the  day  ; whereas  experience  fliews,  that  it 
has  no  connedtion  with  heat  or  cold.  We  have 
rain  as  often  in  the  day  time,  when,  according  to 
the  natural  courfe  of  things,  the  heat  ot  the  at- 
mofphere  fliould  be  the  greatefr,  as  at  night  when 
the  heat  ought  to  diminifii  j belides,  the  heat  often 
diminiflics  in  the  day  without  producing  rain. 
Whatever  be  the  degree  of  heat,  the  air  can  only 
part  with  fo  much  of  it’s  v/ater,  as  it  is  unable  to 
retain  in  that  degree  of  heat ; no  rain  fliould  there- 
fore be  formed,  unlefs  the  air  was  faturated,  or 
extreme  rnoifture  ; but  this  alfo  is  contrary  to 
fadl. 

Thus  when  Mr.  de  Luc  and  his  brother  were 
on  the  Sixty  though  the  hygrometer  was  66a  de- 
grees from  extreme  humidity,  thick  clouds  formed 
around  them,  which  obliged  them  to  think  of  re- 
treating ; in  a little  time  the  fummit  of  the  moun- 
tain was  furrounded  by  them,  they  fpread  and 
covered  the  whole  horizon,  a premature  night 
furprized  them  in  a very  dangerous  road,  and  a 
mod  violent  dorm  of  wind,  rain,  hail,  and  thunder. 
Jaded  the  greater  part  of  the  night ; it  extended 
over  all  the  neighbouring  mountains  and  plains ; 
after  the  dorm  ceafed,  the  rain  continued  .with  very 
few  intermilTions  till  the  next  day  at  noon.  The  hy- 
grometer being  examined  in  one  of  thefe  intervals, 
only  fhewed  i A more  moidurethanbefore;  and  even 
this  increafe  was  no  other  than  what  the  did'erence 
of  heat  was  fufficient  for  producing;  neverthelefs 
new  clouds  were  formed,  and  the  rain  began  again, 
accompanying  our  travellers  by  fits  to  the  bottom 
of  the  mountain  ; wdicn  arrived  there,  the  clouds 
entirely  difperfed,  the  hygrometer  was  again  ob- 
ferved  in  the  open  air,  and  though  the  earth  was 
drenched  with  w’ater,  and  the  heat  much  lefs,  the 
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hygrometer  was  i-^'o  dryer  it  had  been  two  days 
before,  after  a courfe  of  fme  weather.  Now  where 
was  all  this  water,  and  all  the  ingredients  of  the 
llorm,  while  the  hygrometer  fliewed  fuch  a degree 
of  drynefs  in  the  Ifratum  where  it  was  formed  ? 

The  reafoning  of  Mr.  de  Luc  is  confirmed 
by  the  phenomena  fair  zveather ; continued  eva- 

poration from  the  inexhaulfible  fource  of  vapour 
the  ocean,  and  from  the  earth  after  it  has  been 
Ibaked  with  rain,  would,  if  vapour  did  not  change 
irs  nature  in  the  atmofphere,  render  it  more  and 
more  humid,  and  bring  it  at  laft  to  a maximum  of 
humidity,  as  it  does  under  a glafs  receiver.  But 
experience  flicws,  that  though  the  evaporation  con- 
tinues for  feveral  months  together  on  vaft  extents 
both  of  feas  and  continents,  the  air  does  not  be- 
come moifter,  but  on  the  contrary  more  and  more 
dry.  The  'diminution  of  heat  in  the  night  pro- 
duces dew  ; but  this  fymptom  ot  humidity  dimi- 
niihes  from  day  to  day,  and  fometimes  ceafes 

altogether. 

Many  attribute  the  ordinary  occurrences  ot 
rain  to  changes  in  the  zvinds.  When  it  rains  with 
a Joiith  wind,  it  is  fuppofed  that  thefc  winds  arc 
warm  bccaufc  they  come  from  the  fouth,  and  that 
they  are  more  humid  became  the  greater  heats  in 
thofe  climates  from  which  they  proceed,  ought  to 
produce  a greater  degree  ot  evapoiation,  and  that 
confecjucntly  when  this  air  meets  witii  a colder 
part  of  the  atmofphere,  the  water  it  contained 
would  be  precipitated,  if  it  rains  by  a north  zvind, 
it  is  imagined  that  this  w ind  being  colder  than  our 
air,  produces  the  tame  effect  that  this  did  upon  the 
iouth  wind.  There  arc  however  various  reafons 
which  prove,  that  thefe  winds  are  not  the  imme- 
diate caufe  of  the  phcnoir.cna. 

To  place  this  hypotheus  in  the  moft  favour- 
able light,  we  will  fuppofe  that  one  ftratum  of  air 
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is  at  reft  and  the  other  in  motion,  and  that  both 
are  faturated  with  the  immediate  produd  of  eva- 
poration. But  the  quantity  ot  evaporated  water, 
v/hich  conftitutes  faturation  ora  maximum  of  hu- 
midity in  the  air,  varies  wdth  the  temperature, 
augmenting  or  dirninifhing  with  the  heat.  T.he 
colder  air  will  therefore  contain  proportionally 
lefs  evaporated  water  than  the  other.  When  thcle 
two  airs  meet,  the  one  will  be  cooled,  which  ftiould 
produce  a precipitation  of  u'ater;  but  the  other 
w'ill  at  the  fame  time  be  as  much  heated,  and  there- 
fore capable  of  receiving  the  fuperfluous  water:  at 
firft  a mijt  may  be  formed,  but  this  w’ill  not  be 
durable  ; for  as  it  is  in  contad  w ith  the  air  that  is 
growing  w'arrner,  it  is  foon  chllipatcd. 

It  fometimes  rains  wdth  a fouth  wind,  w’hich 
fee  ms  to  embrace  the  whole  height  of  the  atmo- 
fphere  ; here  it  has  been  gratuitouily  fuppofed,  that 
this  air  proceeded  from  the  torrid  zone,  faturated 
with  water  throughout  it’s  w'hole  height.  Granting 
this  fuppofition,  it  will  not  account  for  the  pheno- 
mena of  riain.  1 ftiall  not  confider  here  the  differ- 
ence in  the  feafons,  w'hich  ought  neceffirily  to 
influence  thefe  phenomena,  w'hich  however  is  not 
perceived  ; for  we  have  often  durable  rains  wdth 
this  wind  in  fummer,  when  the  change  of  climate 
w ill  occalion  little  or  no  variation  in  it’s  tempe- 
rature. Whatever  change  the  heat  of  this  air 
undergoes,  it  will  gradually  take  place  on  account  of 
the  vicifhtudes  of  day  and  night;  fo  as  foon  a^  the 
rays  of  the  lun  ceafe  to  ad  upon  our  horizon,  the 
heat  in  the  air  decreifes  in  as  great  a degree  as 
that  in  which  it  cxdlcd  at  the  fame  h.our  of  tr.c 
day.  If  the  air  is  thus  cooled  beyond  a certain 
point,  the  excefs  is  precipitated  in  dew:  befuies, 
moifture  in  the  atmofphere  is  daily  dellroycd  by 
fome  caufe  of  w'hich  vve  are  ignorant,  and  re-appears 
as  fuddenly  in  vaft  abund  ince  in  fame  ftraia  by 
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caufes  of  which  we  are  equally  ignorant.  If  you 
confider  attentively  the  confequences  of  all  thefe 
fads,  you  will  fee  that  there  is  very  little  proba- 
bility that  air,  which  travels  night  and  day  to 
come  to  usi  and  which  muft  necefiarily  conform, 
and  that  fucceflively,  in  all  the  intermediate  lati-^ 
tudes,  to  the  various  caufes  that  determine  their 
mean  degrees  of  humidify  and  heat,  can  ever  occa- 
fion  the  phenomena  attributed  thereto. 

T.  he  remarks  I have  jufl:  made  on  the  efFedl  fup- 
pofed  to  be  deducible  from  different  winds,  are 
formed  from  the  notions  we  gain  by  obfer\ations 
made  in  plains.  1 hey  are  confirmed  and  ffrength- 
ened  when  conneefied  with  obfervations  made  on 
mountains,  for  there  theic  w inds  are  found  with- 
out thofe  deceiving  appearances  which  favour  the 
hypothelis  we  are  combating  ; they  are  found  to 
convey  cold  there,  while  they  are  communicating 
heat  to  the  plains  below.  Now  if  the  fouth  wind 
derives  it’s  heat  from  the  climate  whence  it  pro- 
ceeded, why  is  it  not  warm  on  the  tops  of  moun- 
tains as  well  as  in  the  plains  ? If  it  be  fiiid,  that  it 
is  cold  aifo  on  the  tops  of  high  mountains  in  the 
torrid  zone,  w'e  reply,  that  if  fo,  this  in  itfclf  is  a 
great  myficry  ; and  further,  that  no  one  can  fup- 
pofe  that  the  fuperior  air  of  this  zone  preferves  it’s 
pofition  and  degree  during  it’s  whole  palfage,  and 
arrives  in  the  fame  date  at  the  tops  of  the  northern 
mountains;  and  we  may  conclude,  that,  though  the 
airv\  hich  proceeds  from  climates  warmer  thanour’s, 
be  then  hotter  than  the  air  furrounding  us,  yet, 
the  gicatcfl:  heat  wc  find  therein  does  not  in 
general  proceed  from  this  caufe,  but  from  feme 
dilfercnce  in  it’s  nature,  whereby  the folar  rays  are 
rendered  more  powerful  and  more  capable  of  pro- 
'ducing  heat  near  the  furface  of  the  earth. 

from  obfer\ations  that  have  been  made  on 
mountains,  we  may  draw  the  lame  epnelufions  with 
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refpe£l  to  the  humidity  that  generally  accompanies 
fouth  zvinds  near  the  earth,  for  from 
find,  that  they  do  not  produce  the  fame  effects  in 
the  higher  region  of  the  atmofphcre,  but  accord 
■with  the  ufual  drynefi  of  thele  luperior  firata  ; 
they  are  not  therefore  in  thcmfelves  the  immediate 
caufes  of  thefe  differences  ; for  if  this  weie  the 
cafe,  the  higher  regions  would  be  as  much  affedl- 
cd  as  the  lower,  or  they  could  not  be  confidered  as 
an  affemblage  of  the  fame  tiuids.  But  in  this  aj^ 
Jemblage  there  may  be  unknown  fluids , on  which 
the  Jolar  rays  may  in  the  lower  regions  have  a dif- 
ferent influence,  arifing  from  circumftances  of 
which  we  are  ignorant,  perhaps  from  a greater 
or  lefs  denflty  in  the  mafs;  or  frorn  a difference  in 
their  diflance  from  the  foil  of  the  earth.  Every 
circumflance  feems  to  indicate,  that  chemical  ope^ 
rations  are  the  general  caufe  of  the  phenomena, 
though  in  a manner  unknown  ; among  the  agents 
concerned,  the  rays  hold  the  firfl;  rank. 

The  neceflity  of  the  folar  rays  for  the  frudifi- 
cation  of  vegetables,  has  been  long  efiablifhed ; 
MefTrs.  Prieflley,  Ingenhouz,  and  Sennebier,  'have 
proved,  that  this  operation  is  accompanied  by  great 
modifications  in  the  air,  modifications  which  are 
effentially  altered  by  the  prefence  or  abfence  of  the 
folar  rays.  By  theie  operations  we  fee  new  fouds 
riling  before  us;  and  yet,  it  we  are  fcrupulous  in 
■ the  connection  of  caufes  with  efl'eds,  v,e  mufl:  con- 
fefs  our  inability  of  tiacing  here  the  combinations 
of  this  firft  fubflance,  vhich  evidently  puts  in  ac- 
tion every  fubflance  on  our  globe.  We  know  in  this 
inftance,  that  feme  of  the  llibflanccs  belong  to  the 
atmofpherc,  fome  to  the  earth,  and  that  both  are 
modified  by  the  folar  rays  : fire  alfo  participates, 
but  light  is  a conffituent  part  of  fire : zvater  has 
it’s  fhare,  but  water  contains  fire  and  light  : fome 
ingredients  of  are  joined  tliereto,  but  of  thefe 
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ingredients,  thofe  that  are  united  depend  on  the 
cjuantity  of  light,  T.  hiis,  however,  new  compounds 
are  formed,  poffeiTed  of  different  colours,  confift- 
ency,  odour,  flavour,  and  chemical  properties. 
All  thefe  wonderful  operations  are  produced  by  the 
medium  of  the  folar  rays  from  the  atmofphere  and 
from  the  earth  ; and  thefe  modifications  taking 
place  on  the  earth  and  on  the  waters,  over  the 
whole  furface  of  the  globe,  -mufl:  be  confidered  as 
a clafs  of  caufes  whjch  have  confiderable  influence 
in  meteorology^ 

Of  the  Nature  of  Clouds, 

From  confidering  the  caufes  of  rain,  I proceed 
to  inveftigate  the  nature  of  clouds.  As  it  is  from 
thefe  that  rain  proceeds,  we  muft  acknowledge  the  , 
blefiings  we  receive  through  them,  though  we  are 
not  able  to  account  lor  their  various  phenomena. 
They  are  continually  travelling  over  our  globe,  and 
by  a proper  diffribution  of  moiflure,  rendering  the 
fpacioiis  paftures  of  the  wealthy  fruitful,  and  glad- 
dening the  little  fpot  of  the  cottager,  ney  fatisfy 
the  dejolate  and  wafte  ground^  and  caufe  the  bud  of 
the  tender  herb  to  Jpring  forth  ; that  the  natives  of 
the  lonely  delert,  the  herds  which  know  no  maf- 
ter’s  flails,  may  nevcrthelefs  experience  the  care  of 

an  ALL-SUPPORTING  PARENT. 

Clouds  are  compofed  of  a mafs  of  veficles  like 
foap  bubbles,  which  veficles  are  eafily  perceived 
in  proper  fituations,  particularly  on  high  moun- 
tains : thefe  veficles  float  in  the  air,  rifing  or  falL 
ing,  till  they  are  in  equilibrium  wdth  the  air,  re- 
maining fufpended  there  as  long  as  they  preferve 
the  fame  flatc,  ]>y  the  nature  of  the  fufpenfion  of 
thefe  aqueous  veficles,  they  do  not  alter  the  pref- 
fure  exercifed  by  the  flrata  in  which  they  are  in^ 
^lofed,  neither  on  itfelf  nor  on  the  inferior  flrata. 

When 


Of  Meteorology. 

When  the  particles  of  vapour,  properly  lo 
called,  approach  within  a certain  dillance  of  each 
other,  which  is  determined  by  the  adual  quantity 
of  free  fre^  the  particles  of  water,  of  w hich  they 
are  compofed,  tend  to  unite,  and  the  fire  which 
quits  them  joins  itfelt  to  the  remaining  particles 
of  vapour.  From  the  obfervation  of  Mr.  de  Luc 
it  appears,  that  veficles  of  liquid  water  may  be 
formed,  and  exifl  when  the  temperature  of  the  air 
is  at  freezing.  I have  already  fliewn  you,  that  there 
is  fomethingclfe  befidcs  cold,  necelfary  to  the  for- 
mation of  ice.  It  is  hence  we  fee  mills,  fogs,  and 
clouds,  when  the  thermometer  is  under  32^. 
There  is  never,  however,  any  great  cold  in  fogs 
or  in  clouds,  for  the  caufe,  whatever  it  may  be, 
that  brings  vapour  beyond  it’s  maximum^  diffemi- 
nates  alfo  heat.  Aqueous  vdicles  never  freeze 
without  changing  their  date  ; but  if  the  bubbles 
are  broken  when  the  air  is  at  or  under  32  degrees, 
the  water  thereof  freezes  : if  this  happens  in  the 
midft  of  clouds,  fnow  is  the  confequence,  w'hofe 
duration,  like  that  of  rain,  depends  on  the  quantity 
of  veficles  that  are  brought  within  a certain  dif- 
tance  of  each  other  ; the  deftroyed  vdicles  then 
group  themfelves  into  flakes  of  Inow,  by  a cryjiaU 
lization^  fomewhat  flmilar  to  v/hat  are  termed  by 
chemifts  fublimaiions ^ i.  e.  the  'precipitations  of 
fubflances  dilTolved  by  jire.  If  the  quantity. of 
aqueous  * veficles  is  too  fmall  to  unite  and  be  de- 
Ilroycd,  by  being  brought  near  together,  they  may 
be  deflroyed  and  frozen  by  caufes  limilar  to  thofe 
which  fix  fublimates  to  the  Tides  of  the  furnace 
and  other  receivers,  or  which  determine  congcla^ 
tion  in  water  fufficiently  cooled.  In  this  cafe  a 
hoar  frofl  is  formed. 

Clouds  are  always  compofed  of  bubbles,  form* 
ed  of  liquid  water,  and  they  are  generally  at  a tem- 
perature very  little  above  the  freezing  point ; the 
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cxif^cnce  of  thefe  vefides  or  bubbles  is  biic.of  fliort 
duration,  they  rife  and  arc  dcriroyed  fucceiTivcly, 
like  the  brilliant  fparks  we  often  perceive  riling 
from  a chafing  diih,  when  the  coals  are  animated 
by  a bellows. 

Of  the  Duration  of  Clouds. 

Whenever  we  fee  a miff  or  a fog,  formed  by 

a known  caufe,  we  are  always  certain  that  the  va-, 

* ¥ 

pours,  from  which  it  proceeds,  are  paffing  rapidly 
beyond  their  maximum  ; and  the  miff  ceafes  when 
no  frefh  vapour  arrives ‘for  it’s  fupport.  The  prin- 
cipal known  caufes  of  miffs  and  fogs  are  either 
the  ebullition  of  water  in  open  air  at  all  tempera- 
tures, the  tranfpiration  and  refpiration  of  ani- 
mals in  w'inter,  the  evaporation  from  hot  fprings 
in  the  fame  feafons,  and  the  fogs,  properly  fo  called, 
,that  happen  in  autumn.  In  all  thefe  cafes,  we 
know  that  the  vapour  is  produced  in  too  great 
abundance  for  the  temperature  of  the  neighbour- 
ing air  ; hence  a rapid  ddlrudion  of  a part  of 
thofe  which  arrive  in  that  fpace  which  is  occupied 
.by  the  fog.  Meanwhile,  the  fog  only  occupies  a 
certain  fpace,  w hich  is  nearly  fixed  as  long  as  the 
■circumffances  remain  the  fame;  in  a word,  vve 
always  find  fog'  and  miffs  to  ceafe,  as  foon  as  the 
caufe  producing  the  vapours  ceafes  to  furnifh  them 
beyond  the  maximum  fuitable  to  the  temperature 
of  the  air  ; the  vefides  arc  formed  by  a rapid  dc- 
compofition  of  fapcrfiiious  vapours;  as  foon  as  this 
ceafes,  the  vefides  are  dilfipated. 

From  a review  of  known  fads,  you  wull  find 
'that  the  following  condufions  are  well  founded, 
iff.  I’hat  vefides  are  only  fonned  in  thofe  cafes 
-where  vapours  get  beyond  tlieir  maximum.  2d. 
.That  thefe  veficles  are  concrete  zvatevy  fubjeci;  to 
‘evaporation^  like  any  ‘Other  w.atcr,  and  which 
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always  evaporate  when  the  furroimding  air  is  not  at 
the  extreme  point  of  burnt dity.  3d.  It  is  this  lait 
mentioned  circumftance,  which  determines  the  ex- 
tent of  fpace  o(;,cupied  by  a cloud  or  fog ; for 
thefe  velicles  only  exifl:  in  that  part,  where  the 
fource  of  vapours,  whatever  it  may  be,  having 
produced  extreme  humidity  ^ diffc  mi  nates  fuperflu- 
ous  vapour;  fo  that  beyond  this  fpace,  the  veficles 
evaporate.  4th,  and  laflly,  This  evaporation  is  pre- 
vented in  whole  or  in  part,  either  by  obftacles  that 
oppofe  the  expanfion  of  the  mifl  or  fog,  or  be- 
caufe  the  fource  of  vapours  furniflies  them  fo  rapidly 
that  the  veficles  approach  near  enough  to  unite 
even  in  the  midft  of  the  fog,  wTich  occafions  them 
to  unite,  and  the  refult  is  a diflillation  of  water. 
From  hence  we  may  conclude,  that  when  a cloud 
is  formed  in  air,  whatever  be  the  caufe,  it  can 
only  fubfift  there  while  aqueous  vapours  continue 
to  be  produced  in  the  fame  place.  Thus,  the  ex-, 
tent  occupied  by  a cloudy  is  an  indication  of  the 
caufe  wTich  produces  vapours,  or  of  it’s  intenhty 
in  fome  part  of  this  fpace  : extreme  humidity  ex- 
ifts  but  very  little  beyond  the  extent  of  the  cloudy 
and,  as  foon  as  the  caufe  which  furnifhes  the  va- 
pour ceafes,  the  cloud  diflpates. 

We  have  been  accu homed  to  fee  clouds  from 
our  earliefl:  infancy  ; they,  therefore,  neither^  ex- 
cite attention,  nor  awaken  admiration,  ancf  yet,  of 
all  the  objects  which  furround  us,  there  is  none 
more  truly  wonderful,  or  more  worthy  of  attention. 
Thofealfo,  who  have  but  little  hudied  the  laws  of 
hygrology,  are  very  little  ahonihied  at  thefe  ap- 
pearances, becaufe  they  either  fuffer  themfclves  to 
be  amufed  by  words,  or  reft  fatisfied  w ith  a few 
feducing  glimpfes  : thofe  who  have  conhdered  the 
laws  of  hygrology,  and  weighed  all  the  circum- 
llances,  find  they  are  only  carried  to  the  boundaries 
pf  known  caufes  j but  they  alfo  know  how  to  hop 

and 
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and  wait  there,  till  rrcfa  light  enables  them  to 
proceed  further. 

The  traveller,  who  has  frequented  high  moun- 
tains, knows,  that  clouds  are  a fpecies  of  fog  or 
mifti  much  refembling  ihofe  we  perceive  on  plains; 
he  has  alfo  remarked,  that  where  clouds  are 
fcattered  in  the  air,  the  11  rata  where  they  are  met 
with,  are  not  at  extreme  humidity.  Among  other 
inftances,  Mr.  de  Luc  mentions  one,  where  he 
faw'  his  own  ftiadow,  and  that  of  the  rock  on  w hich 
he  was  fituated,  projected  on  a cloud  beneath  him, 
in  a llratum  where  there  were  many  other  hniilar 
clouds  extending  to  a confiderablc  dilfance.  d1ic 
air  was  very  ferene,  and  there  was  not  the  lead; 
JymptQm  of  extreme  humidity.  How  are  fuch  clouds 
preferved  ? Whence  do  they  increafe  to  the  eye  ? 
Why,  as  they  are  continually  evaporating,  are  they 
not  immediately  dillipated  ? 

The  evaporation  of  clouds,  even  while  they 
are  increafing  in  lize,  is  a ciicumdance  of  which 
you  may  ealily  be  fatished,  by  confidering  atten- 
tively the  broken  edge  of  a cloud,  which  has  an 
azure  ground  behind  it.  Thefc  edges  prefent  to 
the  imagination  a thoufand  grotefque  forms,  w hich, 
by  their  ftriking  changes,  will  alFift  you  in  your 
refearches.  Often  you  may  perceive  the  part 
which  you  are  looking  at,  difilpatcd  in  the  place 
v.  here  it  was  firfl;  obfci  ved  : often  it  Rretches  irfelf 
cut,  the  cloud  remaining  llationary,  and  vanilhes 
while  it  is  thus extcndir.g  itftlf.  Sometimes  while 
one  fclloon  vanilhes,  others  are  formed,  by  which 
the  cloud  is  enlarged  ; at  other  times  it  diminilli- 
cs,  the  fedooni;  luccelTively  evaporating,  till  the 
w’hole  difappeais.  It  is  impoirible  to  ccnfider 
thefe  various  metamoi  phofes  of  the  lajne  cloud, 
w’ithout  fuppoling  that  there  is  in  the  air  a fource 
of  vapours y which  are  produced  in  the  place  where 
the  'cloud  is  formed,  and  that  it  is  by  the  con- 
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tinned  produdlion  of  frejh  vapour  that  the  cloud 
fublills  and  increafes,  though  continually^  eva- 
porating. When  they  wholly  difappcar,  it  is  be— 
caufe  the  evaporation  is  not  repaired  by  the  forma- 
tion of  fredi  vapour.  1 hefc  phenomena  are  inde- 
pendent of  heat  and  cold^  for  clouds  are  fometimes 
formed  fuddenly  in  the  midit  of  a hot  day,  and  after 
they  have  poured  down  their  w'ater,  all  is  clear 
again.  Sometimes  they  evaporate  after  fun-fet, 
gradually  vanifliing  in  the  ealmeft  weather,  without 
change  of  place.  The  appearances,  on  the  whole, 
are  fuch  as  w'ould  be  produced  by  a large  mafs  of 
water  in  violent  ebullition,  fufpended  invifibly  in 
the  atmofphere ; and  the  limiiarity  in  the  effecT 
naturally  points  out  an  analogy  in  the  caufe,  that  is, 
a foiirce  of  vapour  in  the  at'tnofphere . 

When  it  rains,  the  fource  which  furnifhes  va- 
pours produces  them  in  fuch  abundance,  that  the 
veficles  which  are  formed  are  driven  againft  each 
other  even  in  the  bofom  of  the  cloud  ; and  not 
having  time  either  to  difperfe  or  evaporate,  they 
are  united;  and  the  water  falling  to  the  lowxft 
part,  as  in  foap-bubbles,  they  arc  foon  burd,  and 
fall  as  rain.  It  is  to  thefe  furcharged  veficles  w’C 
mufl:  attribute  the  pendent  fr  inges  which  are  fome- 
times feen  under  the  clouds  towards  the  horizon. 
Experience  has  faewn,  that  it  rains  under  thofe 
clouds;  not  that  thefe  fringes  arc  rain  i'tfelf,  but 
the  veficles  which  fall  by  the  augmentation  of 
their  weight.  As  drops  of  rain  arc  formed,  the 
veficles  are  defiroyed. 

Tailing  rains  proceed  from  flrata  of  clouds  which 
cover  the  whole  heavens  ; and  it  is  thefe  that  have 
the  greatefl  connection  wuth  the  fall  of  the  mercury 
in  the  barometer.  The  fource  of  vapours  com- 
prehending a flratum  of  confidcrable  extent,  the 
barometer,  after  it  has  announced  thefe  rains,  gene- 
rally rifes,  and  continues  to  rife,  as  long  as  they 
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laft.  This  is  a fad  often  obferved,  but  to  us  inex- 
plicablc.  It  is  no  doubt  conneded  in  fome  way 
with  the  primitive  caufe  of  rain,  but  with  that 
caufe  we  are  unacquainted.  The  relation  of  rain 
with  the  barometer,  is  a fubjed  as  obfcure  as  the 
caufe  of  rain  itfelf. 

In  the  midft  fomctimes  of  the  finefl  days,  and 
while  ordinary  fymptoms  indicate  that  the  air  is  - 
dry,  and  this  as  well  in  the  vallies  as  on  the  moun- 
tains, bright  heavy  clouds  appear  on  an  azure 
ground,  announcing  fudden  rains.  Sometimes  thefe 
clouds  increafe  enormoufly,  and  defeend ; other 
clouds  form  about,  and  unite  to  them  ; the  air  is 
darkened,  as  if  a curtain  was  drawn  between  heaven 
and  earth.  From  the  tops  of  high  mountains, 
thefe  clouds  may  be  often  feen  to  accumulate  ra- 
pidly over  the  plains ; while  from  thefe  the  azure 
ground  of  the  heavens  difippears,  the  wind  often 
rifes,  and  blows  from  different  quarters  in  a kind 
of  whirlwind,  and  lafHy  it  pours  with  rain.  As 
foon  as  the  rain  ceafes,  the  curtain  is  withdrawn, 
the  calm  is  reflored,  the  fun  re-appears,  and  no 
other  veftiges  remain  of  this  grand  phenomenon 
but  the  water  that  is  on  the  ground. 

When  the  air  is  difpofed  to  produce  this  . 
phenomenon,  you  will  often  fee  the  clouds  rifing 
from  the  horizon ; fomctimes  from  the  fide  where 
the  wind  proceeds,  fometimes  from  other  quarters. 
Often  thefe  heavy  fliowers  arc  partial  : fometimes 
they  re-conimence  at  intervals,  accompanied  with 
heavy  fqualls.  Sometimes  thefe  heavy  intermitting 
Ihowers  are  a prelude  of  more  lafiing  rains  j in 
which  cafe  the  clouds  unite,  the  wind  goes  down, 
and  .you  have  one  or  more  fucceffive  days  of 
rain. 


Ob 
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Of  Hail. 

Sudden  dorms,  accompanied  with  hail  and 
thundery  are  among  the  number  of  phenomena 
which  Ihew  how  ignorant  we  are  of  the  caufes  of 
thofe  that  we  obferve  in  the  atmofphere.  Had  is 
a fign  of  a great  degree  of  cold\  but  what  is  the 
immediate  caufe  thereof?  .Whence  a fubftance, 
that  mud  require  fo  intenfe  a cold  for  it’s  forma- 
tion, in  feafons  fo  w'arrn  as  thofe  in  which  hail  is 
chiefly  formed?  It  is  fuppofed,  in  general,  that 
haildones  are  drops  of  rain,  which,  falling  through 
a colder  region  of  air,  are  congealed  in  their  paf- 
fage  into  a rarifted  fort  of  ice.  Dr.  Halley  gives 
an  account  of  haildones  that  weighed  five  ounces 
each,  and  fays,  it  is  very  extraordinary  that  fuchfort 
of  vapours  diould  continue  undirperfed  fo  long 
a trad  as  fixty  miles  together  ; and  in  all  the  way 
of  dt’s  paflage,  occafion  fo  extraordinary  a coa- 
gulation and  congelation  in  the  watery  clouds,  as  to 
increafe  the  haildones  to  fo  vad  a bulk  in  fo  fhorc 
a fpace  as  that  of  their  fall. 

Of  Thunder. 

All  the  phenomena  of  dormy  clouds  are  ob- 
feure,  and  1 am  afraid  there  is  very  little  proba- 
bility of  ex]daining  them  independent  of  each 
other.  Thofe  that  are  (htisfied  with  conjedures, 
may  find  enough  at  their  fervice;  but  he  who  con- 
duds  himfclf  by  the  fcale  and  chart  of  truth,’^ 
will  find  little  to  depend  upon.  It  i^  thus  with 
thunder  and  lightning:  we  can  neither  account  for 
the  immenfe  quanLities  of  eledricity  difeharged  by 
the  one,  nor  the  rumbling  noife  of  the  otlier. 

Mr.  Volta  fuppofed  that  water,,  by  being 
changed  into  vapour,,  acquired  ..a  greater  capacity 

for 
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for  the  electric  fluid,  and  that  thus  electricity  wag 
continually  conveyed  to  the  atmofpherc  by  eva^ 
poration ; and  this  he  deduced  from  an  experiment, 
in  which  water  being  evaporated  from  a body,  left 
that  body  negatively  eleClrifled.  This,  however,  is 
by  no  means  Satisfactory  ; for,  not  to  infift  on  the  fal- 
lacy of  the  terms  po/itive  and  negath  e,  as  both  elec- 
tricities may  beproduced  by  evaporation,  if  the  elec- 
tric fluid  pafled  from  the  earth  to  the  atmofpherc 
by  evaporation,  and  it’s  return  was  occafioned  by  the 
reduction  of  vapour  into  water,  there  w'ould  always 
be  more  or  lefs  lightning  when  there  was  violent 
and  fudden  rain,  for  in  this  cafe  it  would  be  ra- 
pidly difengaged  ; but  there  is  much  oftener  vio- 
lent and  fudden  rain  without  than  with  lightning. 
In  this  cafe  lightning  alfo  fliould  always  be  pre- 
ceded by  rain,  whereas  there  is  often  lightning 
among  the  clouds  without  any  rain.  Further,  if 
we  are  unable  to  explain  rain  by  the  vapours  which 
cxifled  in  the  air  before  the  formation  of  the 
clouds,  the  fource  of  eleClricity  exifting  in  clouds 
ought  not  to  be  fought  for  in  vapour.  Indeed,  on 
this  fuppofition,  as  foon  as  there  was  a violent  rain 
the  lightning  would  ceafe,  and  the  fluid  would 
pafs  off  by  the  drops,  illuminating  the  air  by  it’s 
paflage  from  drop  to  drop. 

There  feems  to  be  no  other  mode  of  confi- 
dering  lightning,  than  as  an  explojion^  that  is,  as  a 
fudden  production  of  a great  quantity  of  the  elec- 
tric fluid ; the  fluid  which  is  then  manifeflcd  not 
exifting  as  fuch  but  juft  before  we  perceive  it’s 
eftbCts  ; juft  as  the  vapour,  of  which  the  clouds  arc 
formed,  do  not  exift  as  vapour  in  the  air  until  the 
moment  of  their  appearance  : the  air^  as  yet  tranf- 
parenty  contained  neither  the  vapour  of  which  the 
cloud  is  formed,  nor  the  electric  fluids,  but  the  in- 
gredients proper  to  give  birth  to  both  of  them. 
i>y  fome  caufe,  of  which  we  are  ignorant,  clouds  of 
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a certain  kind  are  formed.  During  the  pro- 
grefs  of  their  formation,  and  by  fits,  the  eledlric 
fluid  is  produced  in  great  abundance,  and  ex- 
plodes every  time  it  is  thus  produced.  Obferva- 
tions  made  among  mountains  where  clouds  are 
formed,  point  out  this  to  be  the  refult  of  the  phe- 
nomena. 

In  a ftorm  obferved  by  Mr.  de  Luc  on  the 
Buety  he  had  an  opportunity  of  obferving  this  phe-^ 
nomenon  with  all  it’s  modifications.  The  air  of 
the  ftrata  where  he  was  fituated  was  perfecHy  tranf- 
parent  and  dry  ; the  thermometer  at  6 of  Reaumur, 
Notwithftanding  this,  clouds  formed  here  and 
there:  by  degrees  they  augmented,  then  became 
united,  embracing  the  fummit  of  the  Buety  and 
fupporting  themfelves  againfl:  Mont  BlanCy  and  the 
fummits  of  the  neighbouring  mountains.  Mr.  de 
Luc  and  his  companions  were  inundated  with  rain: 
though  the  clouds  and  the  rain  formed  a complete 
condudlor,  communicating  with  the  ground,  yet 
there  was  a continuance  of  thunder  for  a confi- 
derable  time,  and  often  very  violent.  Other  in- 
flances  may  be  found  in  the  works  of  Mr.  de 
SaufTure,  of  thunder- ftorms  where  the  clouds 
formed  a condudling  communication  with  the 
ground,  and  yet  where  the  thunder  fucceeded  with- 
out interruption. 

The  rumbling  noife  of  thunder  has  been  ex- 
plained by  a fuppofed  analogy  between  the  pafTage 
of  lightning  and  the  eledlric  fpark  through  the  air. 
This  explanation  might  have  been  admitted  as 
plaufible,  if  the  rumbling  noife  of  thunder  had 
grown  weaker  and  weaker,  as  being  a fucceflion  of 
founds  proceeding  fuccefllvely  from  points  more 
and  more  diftant;  whereas  the  found  of  thunder 
often  increafes,  and  gives  us  a diflindl  perception 
of  it’s  proceeding  from  points  which  arc  nearer 
to  us  than  thofe  from  which  it  fet  out.  It  is  fome^ 
VoL.  IV.  M m times 


530  Lectures  on  Natural  Philosophy. 

times  intermingled  with  fuch  terrible  claps,  as 
deprive  the  hypothecs  of  all  probability;  or  other 
inconiihences  therein  might  be  pointed  out.  dhe 
rumbling  and  repeated  echoes,  &c.  of  thunder,  ftill 
remain  among  the  phenomena  not  yet  accounted 
for. 

In  general,  a courfe  of  hot  weather  precedes  a 
thunder-ftorm ; and  it  feldom  happens  that  very 
hot  weather,  in  the  fummer,  terminates  without  a 
ftorm  of  thunder.  Hence,  alfo,  in  the  Eaft  and 
Weft  Indies,  where  the  climate  is  fo  much  hotter, 
thunder  and  lightning  are  not  only  much  more 
frequent,  but  much  more  violent,  than  in  this 
country. 


Of  Winds. 

Of  winds,  the  obfervation  of  our  Saviour  is 
ftill  juft  : we  hear  the  found  of  the  wind  as  it  palfes 
by,  but  we  neither  know  whence  it  comes,  nor 
whither  it  goes ; we  cannot  determine  how  it 
originates,  or  why  it  ceafes.  The  great  Bacon, 
indeed,  was  of  opinion,  that  by  a clofe  and  regular 
hiftory  of  the  winds,  continued  for  a number  ot 
ages  together,  and  the  particulars  of  each  ob- 
fervation reduced  to  general  maxims,  we  might  at 
laft  come  to  underftand  the  variations  of  this  ca- 
pricious element,  and  be  able  to  ioretel  the  cer- 
tainty of  a wind,  with  as  much  eafe  as  we  now 
foretel  the  return  of  an  eclipfe.  Indeed  his  own 
beginnings  in  this  arduous  talk  feem  to  Ipeak  the 
poftlbility  of  it’s  fuccefs ; but  unfortunately  this 
inveftigation  is  the  work  ol  ages,  and  we  want  a 

Bacon  to  diredt  the  procefs. 

In  the  Hfjio7'ui  Fentoriiniy  Bacon  reckons  three 
fources  ol  winds  ; one  by  defeent  from  the  fupe- 
cior  regions  of  the  atmolphere,  another  from  the 

ejcpanfton.  of  the  low'er  air,,  and  a third  by  exlpi— 
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ration  from  the  earth  : of  which  lafl  he  propofes 
it  as  an  objed:  of  inquiry,  What  winds  blow  out  of 
fubterraneous  caverns?  Whether  they  come  forth 
in  a large  body,  or  blow  infenlibly  here  and  there 
and  then  unite  in  one  flream,  like  a river  formed 
out  of  many  different  fprings?  This  latter  caufe 
has  been  but  little  attended  to,  though  this  reci- 
procation between  the  earth  and  air  is  furely  a 
very  interefting  part  of  natural  philofophy.  In  the 
language  of  holy  writ,  God  is  faid  to  bring  the  tvinds 
cut  of  his  treafures ; as  if  fome  hidden  ftorehoufe 
were  alluded  to,  fuch  as  that  of  the  waters  and 
cavities  between  the  earth. 

The  annual  revolution  of  fun  is  doubtlefs  a 
general  caufe  of  winds ; but  this  caufe,  confidered 
alone,  fhould  produce  regular  winds,  whofe  pro- 
grefs  would  correfpond  to,  and  be  connected  with 
the  feafons;  but  the  phenomena  obferved  by  no 
means  enable  us  to  perceive  this  connexion. 
There  is  another  caufe,  of  which  we  may  form  an 
imperfect  idea,  by  which  the  winds  proceeding 
from  the  fouth,  may  be  fouth-wefl  to  us,  and  thofe 
which  come  from  the  north,  north-eafl.  This 
caufe  is  the  difference  in  the  velocity  of  the  motion 
of  the  parts  of  the  earth  we  inhabit,  and  that  at 
the  equator,  or  the  polar  circles.  If  the  air  was 
calm  at  the  equator,  that  is,  moved  with  the  fame 
velocity  as  the  earth,  and  that  in  coming  from 
thence  to  us  in  the  fame  diredlion,  prefervingat  the 
fame  time  a portion  of  it’s  acquired  motion,  it 
would  gain  upon  the  earth  in  this  diredlion,  and 
would  thus  become  fouth-wefl.  The  fame  caufe 
inverted  w^ould  change  the  north  for  us  into  a 
north-eafl  w'ind.  Another  caufe,  though  very  in- 
confiderable,  may  be  found  in  the  different  diurnal 
pofitions  of  the  fun:  this,  in  calm  wxathcr,  often 
occafions  a gentle  eafl  wind  after  fun-riling,  and  a 
well  wind  after  his  fetting. 
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Of  thefe  caiifcs  we  have  fome  knowledge  5 
but  there  imifl:  be  many,  and  more  powerful  ones, 
to  produce  thofe  phenomena  to  which  we  are  con- 
tinual witnclles,  and  to  which  thefe  feem  to  have 
little  or  no  affinity.  Evaporation  and  rain  have 
been  confidered  as  caufes;  but  they  are  alfo  by  no 
means  adequate  to  the  purpofe.  Evaporation  is 
conflantly  operating ; it  is  alfo  more  abundant  in 
thofe  places  where  the  heat  is  greateft.  Thefe 
places  are  continually  varying : but  ftill  the  variations 
in  evaporation  are  fo  flow,  and  the  differences  in  heat 
fo  infenhble  from  one  place  to  another,  that  it  can 
never  occafion  any  fudden  and  violent  wind.  Rain, 
which  is  the  inverfe  of  evaporation,  operates  wdth 
more  rapidity:  but  the  fame  rcafons  w’hich  prove 
that  rain  cannot  be  formed  of  the  immediate  pro- 
dudf  of  evaporation,  alfo  prov'e  that  the  preci- 
pitation of  this  produdf,  in  any  ffratum  of  air,  can- 
not make  a fufficient  vacuum  to  caufe  the  fur- 
rounding  air  to  prefs  in  with  violence. 

We  muff  then  have  recourfe  to  fome  other 
caufe,  to  explain  the  winds  which  accompany  the 
rapid  formation  and  deflrudlion  of  clouds ; and  this 
may  be  found  in  the  return  of  air  to  a date  of  va- 
pours. It  is  known  from  experiment,  that  in 
limiiar  cafes  there  is  a great  increafe  of  volume  in 
tjie  new  fluid;  as  in  the  fudden  cxplofion  of  in- 
flammable air  with  vital  or  common  air.  When 
the  air  is  changed  into  aqueous  vapour  in  the  at- 
mofphere,  there  is  probably  a conliderable  expan- 
lion of  the  ffratum  where  this  change  happens,  and 
the  effedl  is  more  or  lefs  extenfive  111  proportion  to 
the  ilrength  of  the  caufe.  If  the  production  of  the 
clouds  be  flow,  if  it  "embraces  a very  great  portion 
of  the  atmofpherc,  and  if  the  operation  be  carried 
on  at  a great  height,  but  little  agitation  will  be 
perceived  in  the  air  under  thefe  ffrata : the  co- 
lumns thereof  extending  Icngthwife,  produce  in 

diilant 


Of  Meteorology. 


533 


diftant  countries  winds^  of  which  the  inhabitants 
can  no  more  perceive  the  caufes,  than  thofe  near 
which  it  originated.  But  it  the  clouds  are  formed 
rapidly,  if  they  occupy  but  a fmall  fpace,  and  are 
not  very  high,  violent  winds  may  be  occafioned  by 
the  fudden  expantion  of  the  medium  w'hcre  they 
are  formed.  As  the  quantity  of  vapour  that  is  the 
immediate  produB  of  evaporation  is  alw^ays  very 
fmall,  the  formation  of  drops  of  rain,  on  the  com- 
mon fytlem,  would  only  produce  infenfible  and 
trifling  motions  of  the  air.  But  in  Mr.  de  Luc’s 
fyftem,  the  fucceflive  produBion  of  vapour  in  the 
midfl:  of  the  air  is  unlimited  : their  accumulation 
in  the  form  of  veflcles  may  be  immenfe  ; and  when 
they  are  rcfolved  into  drops,  a conflderable  va- 
cuum is  the  natural  confequcnce. 

From  this  view  of  the  origin  of  winds,  wc 
may  fee  alfo  why,  in  a feafon  of  ftorms  and  fhowers, 
a cold  heavy  cloud,  palling  over  the  head,  with  a 
hafty  fall  of  fnow  or  hail,  is  often  attended  with  a 
fudden  violent  guft  of  wind,  fuch  as  failors  call  a 
fquall,  which  fubfides  into  a calm  with  the  de- 
parture of  the  cloud  ; till  another  cloud,  coming  in 
the  fame  direBion,  brings  a frefli  blalf.  No  tem- 
pefl,  hurricane,  or  whirlwind,  ever  happens  under 
a cloudlefs  fky.  We  hence  may  alfo  perceive  why 
a whiftling  or  howling  iioife  of  the  wind  is  the 
mofl:  infallible  prognoftic  of  rain,  indicating  the 
formation  of  rainy  clouds.  The  facred  feripture 
feems  to  agree  with  this;  for  the  prophet  Elijah, 
before  any  other  fymptom  of  the  wearher  appeared, 
feemed  to  give  notice  to  Ahab  from  this  one:  Get 
ihee  upt  and  eat  and  drink^  faid  he,  for  there  is  a 
SOUND  of  abundance  of  rain.  T.hen  it  follows,  that 
the  heaven  was  foon  black  with  clouds  and  windy  and 
there  was  a great  rain.. 
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Of  Trade-Winds  and  Monsoons, 

There  are  many  parts  of  the  world  where  the 
winds,  that  with  us  are  fo  uncertain,  pay  their 
ftated  vilits.  In  fome  places,  the  winds  are  found 
to  blow  one  way  by  day,  another  by  night ; in 
others,  for  one  half  of  the  year,  they  go  in  a direc- 
tion contrary  to  their  former  courfe  : but  what  is 
more  extraordinary,  there  are  fome  places  where 
the  winds  never  change,  but  for  ever  blow  the 
fame  way.  This  is  particularly  found  to  obtain 
between  the  tropics,  in  the  Atlantic  ocean,  and 
great  Pacific  fea. 

Between  the  limits  of  6o  degrees,  namely, 
from  30*^  of  north  latitude  to  30^  of  fouth  latitude, 
there  is  a conhant  eafterly  wdnd  throughout  the 
year,  blowing  on  the  Atlantic  and  Pacific  oceans  i 
and  this  is  called  the  irade-zvind. 

The  trade-winds  near  the  northern  limits  blow 
between  the  north  and  the  eaft  ; and  near  the 
fouthern  limits,  they  blow  between  the  fouth  and 
the  eafl. 

Thefe  general  motions  of  the  wind  are  dif-, 
turbed  on  the  continent,  and  near  the  coafts. 

Beyond  the  northern  limit  of  the  general 
wind,  on  the. Atlantic  ocean,  the  w'efterly  winds 
prevail,  but  not  with  any  certainty  of  conti-. 
nuance. 

In  the  Atlantic  ocean,  the  S.  E.  trade-wind 
extends  as  far  as  3 degrees  north ; and  the  N.  E. 
trade-wind  ccafes  at  the  5th  degree  N.  In 
the  intermediate  fpace  are  found  calms  with  rain, 
and  irregular  uncertain  fqualls  attended  with 
thunder  and  lightning:  but  this  fpace  is  ihifted 
farther  to  the  northward  or  fouthward,  according 
as  the  fun’s  declination  is  more  northerly  or 
foutherly. 
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In  the  Indian  ocean  there  are  periodical  winds ^ 
-called  nionfoons,  that  is,  fuch  as  blow  fix  months 
in  one  diredlion,  and  the  other  fix  months  in  an 
oppofite  direction  ; the  change  of  their  diredtion, 
which  is  near  the  autumnal  and  vernal  equinoxes, 
is  accompanied  with  violent  ftorms  of  wind,  thun- 
der and  lightning.  Voyagers  to  India  endeavour 
to  time  their  voyages,  fo  as  to  benefit  by  thefe 
winds. 

On  or  near  the  coaft  of  Guinea,  the  winds 
blow  almofi  always  from  the  weft  and  fouth  weft 
points.  Between  the  Cape-Verd,  and  the  eaftern- 
moft  of  the  Cape-Verd  Ifiands,  there  is  a tradt  of 
fea,  which  is  a perpetual  calm  with  rcfpedl  to 
wind  ; but  the  thunder  and  lightning  there  is 
terrible. 

The  varieties  and  deviations  both  in  general 
and  particular  winds,  are  far  from  being  known  ; 
you  cannot,  therefore,  expedt  any  theory  that  will 
folve  them  all  ; there  are  difficulties  which  perplex 
every  hypothefis  that  has  hitherto  been  fuggefted, 
and  that  cannot  be  cleared  up  at  prefent. 

The  beft  account  we  have  of  the  trade-winds, 
is  that  of  Mr.  Dalton,*  namely.  That  as  the  heat 
is  always  greateft  in  the  torrid  zone,  and  decreafes 
in  proceeding  northward  and  fouthward,  wdth 
refpedt  to  thefe,  the  poles  may  be  always  con- 
fidered  as  centers  of  cold  ; fo  that,  abiiradfing 
from  accidental  circumftances,  there  muft  be  a 
conftant  afeent  of  air  over  the  torrid  zoiie,  which 
afterwards  falls  northward  or  fouthward,  whilft 
the  colder  air  below  is  determined  by  a conftant 
impulfe  towards  the  equator.  In  general,  wdiere 
the  heat  is  greateft,  the  heated  air  will  afeend,  and 
a fupply  of  colder  air  will  be  received  from  the 
neighbouring  parts. 
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The  following  elfeas  may  be  attributed  to  the 
diurnal  motion  of  the  earth  ; the  air  over  any  part 
thereof,  when  calm,  will  have  the  fame  rotatory 
velocity  as  that  part;  but  if  a quantity  of  air  in 
the  northern  hemifphere  receive  an  «impulfe  in 
the  diredhon  of  the  meridian,  either  northward  or 
louthward,  it’s  rotatory  velocity  will  be  greater  in 
the  former,  and  lefs  in  the  latter  cafe,  than  that  of 
the  air  into  which  it  moves  ; confequently,  if  it 
move  northward,  it  will  have  a greater  velocity 
callward  than  the  air,  or  furface  of  the  earth  over 
which  it  moves,  and  will,  therefore,  become  a 
S.  W.  wind,  or  a wind  between  the  fouth  and  the 
well.  And,  v/ce  verfa^  if  it  move  fouth  ward,  it 
becomes  a N.  E.  wind.  Likewife,  in  the  fouthern 
hemifphere,  it  will  appear,  the  w'inds,  upon  fimilar 
fuppofitions,  will  be  N.  W.  and  S.  E.  refpec- 
tively. 

Erom  this  view  of  the  air,  IVIr.  Dalton  at- 
tempts to  explain  the  trade-winds ; he  confiders 
two  general  maffes  of  air,  as  proceeding  from  both 
hemifpheres  towards  the  equator ; thefe,  as  they 
advance,  are  conflantly  deflected  more  and  more 
towards  the  eafl,  on  account  of  the  earth’s  rotatory 
motion.  That  from  the  northern  hemifphere, 
originally  a north  wind,  is  made  to  veer  more  and 
more  towards  the  call: ; and  that  from  the  fou- 
thern hemifphere  is  made  to  veer  from  the 
fouth  towards  the  eaft : thefe  two  maffes  meet- 
ing in  the  torrid  zone,  their  north  and  fouth  ve- 
locities deflroy  each  other,  and  they  proceed  with 
their  common  velocity  from  eafl:  to  well,  round 
the  torrid  zone.  The  equator  is  not  the  center* 
oi  the  concourfe,  bup  the  northern  parallel  of  4°, 
becaufe  the  center  of  heat  is  at  that  place,  the  fun 
being  longer  on  the  north  fidpi  of  the  equator  than 
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on  the  fouth  fide.  Though  all  the  parts  of  the 
atmofphere  fecm  to  confpire  in  producing  regular 
winds  round  the  torrid  zone,  yet,  from  the  fitua- 
tion  of  the  land  or  other  caufes,  flriking  irregulari- 
ties are  produced  ; as  is  evident  by  the  monfoons, 
fea  and  land  breezes,  &c.  thefeare  deviations  from 
the  general  rule,  but  this  will  ever  be  more  or  lefs 
the  cafe  with  all  human  theories. 

To  explain  the  monfoonsy  it  is  neceflay  to  at- 
tend to  the  circumftances  that  are  peculiar  to  the 
Indian  oceariy  and  which  are  not  found  in  the  Atlan- 
tic and  Pacific  oceans.  They  feem  to  be  thefe: 
that  the  Indian  ocean  is  bounded  to  the  northward 
bv  Ihores,  w’hofe  latitude  does  not  exceed  the  limits 
of  the  general  trade-wind  ; and  that  the  general 
trade-wind  falls  on  what  failors  term  lee  fliores  to 
the  w'dtward. 

The  fun  being  twice  a year  vertical  in  the 
equator,  and  never  departing  thence  more  than 
^3t  degrees,  caufes  the  air  in  that  climate  to  be 
hotter  than  at  any  other  place  in  the  ocean  : fuch 
a rarified  fpace  mu  ft  extend  acrofs  the  Indian 
ocean,  and  produce  a S.  E.  wdnd  to  the  fouthward, 
and  a N.  E.  wind  to  the  northward  of  the  equator, 
over  w’hich,  in  the  upper  regions  of  the  air,  the 
winds  return  in  the  contrary  diredion.  This  w’c 
accordingly  fee  happen  in  the  months  of  Odober, 
November,  December,  January,  Eebruary,  March.. 
But  when  the  fun  declines  to  the  northward,  and, 
heats  the  land  there,  the  air  contiguous  to  thofe 
lands  is  rarified,  and  the  lower  air  has  a tendency 
to  move  that  way  : this  tendency  increafes  as  the 
fun  advances  further  north,  fo  that  the  whole  body 
of  the  lower  air,  to  the  northward  of  the  equator, 
moves  towards  the  northern  lands,  notwithftand- 
ing  the  equatorial  rarifadtion.  It  feems  then,  that 
the  body  ot  the  lower  air,  in  the  northern  part  of 
the  Indian  ocean,  is  determined,  as  to  iPs  courfe, 
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by  the  greater  rarifadion.  If  the  rarifaclion,  at 
the  furface  of  the  land,  be  greater  than  that  at  the 
equator,  the  wind  blows  to  the  north  ; and  the 
contrary  happens,  when  the  equatorial  rarifaclion 
is  the  greatcil.'^  Thus  it  appears,  that  it  is  the 
fituation  of  the  lands,  and  their  effed  in  heating 
and  rarifying  the  atmofphere,  which  are  the  prin- 
cipal caufes  of  the  monfoons.  Still,  however,  it 
iDufl:  be  owned,  that  the  explanation  is  imperfedl, 
and  the  obfervations  we  poHefs  too  few  for  form- 
ing a theory.  In  the  commencement  of  the  mon- 
foons, to  ulethe  feamen’s  phrafe,  they  creep  along 
Iliore,  they  then  fpreaJ  into  the  ocean  : at  hrll 
they  are  feeble,  they  afterwards  become  vigorous  ? 
they  then  gradually  diminilh,  and  finally  come  to 
a change ; and  this  twice  in  a year,  agreeable  to 
our  folar  progrefs. 

The  iun  is  the  undoubted  caufe  of  the  fea  and 
land  breezes,  which  are  wifely  appointed  by  D/- 
vine  Providence,  to  make  fome  of  the  hotter  cli- 
mates habitable.  The  fea  breezes  in  the  Weft- 
Indies  begin  to  appear  about  nine  o’clock  in  the 
morning,  in  a fine  black  curl  upon  the  water,  ap- 
proaching the  ftiore : it  increafes  gradually  till 
noon,  and  dies  away  at  four  or  five  in  the  after- 
noon. About  fix  in  the  evening  it  changes  to  a 
land  breeze,  which  blow  s from  the  land  to  the  fea, 
and  lafts  till  eight  in  the  morning.  There  is  an 
interval  in  the  morning  and  evening  between  the 
changing  of  the  breezes,  \vhc*n  the  wind  is  ftati- 
onary,  like  the  water  before  the  turning  of  the  tide  ; 
and  thefe  intervals  are  the  hotteft  parts  of  the 
day. 

The  breezes  aie  thus  accounted  for:  When 
the  fun  is  up,  his  heat  takes  more  cft’eB  on  the 
land  than  on  the  water,  fo  that  the  heat  is  accumu- 
lated, 
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lated,  and  the  air  over  the  land  is  ratified  ; and 
as  it  mounts  upward,  the  colder  air  from  the  fea, 
comes  in  to  keep  up  the  equilibrium.  In  the  even- 
ing the  dews  are  fo  exceifive,  and  the  cold  fo  fud- 
den  on  the  land,  from  the  quick  defeent  of  the 
fun  below  the  horizon,  that  the  water  in  the  night 
is  warmer  than  the  land  ; and  the  air  of  the  fea, 
'being  then  moft  rarified,  the  draught  ot  air  is  con- 
trary to  what  it  was  in  the  day. 

In  the  northern  temperate  zone,  the  winds  arc 
variable,  but  the  mofl;  general  are  the  S.  W.  and 
W.  and  the  N.  E.  and  E.  In  the  northern  tem- 
perate and  frigid  zones,  the  winds  are  more  tem- 
peftuous  in  winter  than  fummer.* 

In  our  climates,  a tempeft  is  but  rarely 
known,  and  it’s  ravages  are  regiftered  as  an  un- 
common calamity  ; but,  in  the  countries  that  lio^ 
betw'een  the  tropics,  and  for  a good  fpace  beyond 
them,  it’s  vilitsare  frequent,  and  it’s  eftedts  antici- 
pated. In  thefe  regions  the  winds  vary  their  ter- 
rors, fometimes  involving  all  things  in  a fulfo- 
cating  heat ; fometimes  mixing  all  the  elements  of 
fire,  air,  water,  earth  together ; fometimes  with  a 
momentary  fwiftnefs  palling  over  the  face  of  the 
country,  and  delfroying  all  things  in  their  paf- 
fage  ; and  fometimes  railing  whole  fandy  deferts  in 
one  country,  to  depolit  them  in  anorher.  We 
have,  therefore,  very  little  reafon  to  envy  thofe 
climates,  the  luxuriance  of  their  foil,  or  the  bright- 
nefs  of  their  (kies.  Our  own  cloudy  atmofphere, 
that  wTaps  us  round  in  obfeurity,  though  it  tails  to 
gild  our  profpedls  with  funfnine,  or  our  groves 
with  fruitage,  neverthelels  anfwers  the  calls  of 
induftry  ; the  labourer  toils  in  the  certain  expec- 
|;ation  of  a moderate  but  happy  I'eturn.” 

The 
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The  rains  in  the  Weft-Indies  are  by  no  means 
the  things  they  are  with  us.  Our  heavieft  rains  arc 
but  dews  comparatively:  they  are  rather  floods  of 
Mater,  poured  from  the  clouds  with  a prodigious 
impetuolity  ; the  rivers  rife  in  a moment;  new 
rivers  and  lakes  are  formed  ; and  in  a fliort  time 
all  the  low  countries  arc  under  w'ater. 

It  is  in  the  rainy  feafon,  principally  in  the 
month  of  Auguft,  that  they  are  aflaulted  by  hur^ 
ricanes,  which  deftroy  at  a ftroke  the  labours  of 
many  years,  and  proftrate  the  moft  exalted  hopes 
of  the  planter,  and  that,  often  wdien  he  thinks  him- 
felf  out  of  the  reach  of  fortune.  It  is  a fudden 
and  violent  ftorm  of  wind,  rain,  thunder  and  light- 
ning, attended  with  a furious  fuelling  of  the  feas, 
and  fometimes  with  an  earthquake;  in  fhort,  with 
every  circumftance  which  the  elements  can  affem- 
blc,  that  is  terrible  and  deftrudlive.  Firft,  they 
fee,  as  a prelude  to  the  cnfiiing  havock,  whole  fields 
of  fugar  canes  whirled  into  the  air,  and  fcattered 
over  the  face  of  the  country.  The  ftrongeft  trees 
of  the  foreft  are  torn  up  by  the  roots,  and  driven 
about  like  ftubble;  their  wind-mills  are  fweptaway 
in  a moment ; their  Mmrks,  the  fixtures,  the  pon- 
derous copper-boilers,  and  ftills  of  feveral  hundred 
M eight,  are  w renched  from  the  ground  and  bat- 
tered to  pieces;  their  houfes  are  no  protedion ; 
their  roofs  arc  torn  off  at  one  blaft,  whilft  the  rain, 
M hich  in  an  hour  fifes  five  feet,  ruflics  in  upon 
them  w'ith  irrefiftible  violence. 

There  are  flgns  by  which  the  Indians  of  thefc 
iflands  taught  our  planters  to  prognofticate  the 
approach  of  an  hurricane.  The  hurricane  comes 
on  either  in  the  quarter  or  at  the  full  change  of 
the  moon.  If  it  comes  on  at  the  full,  then,  at  the 
preceding  change,  the  fky  is  troubled,  the  fun  more 
red  than  ufual ; there  is  a dead  calm  below,  and  the 
mountain  tops  are ’free  troni  thofe  miijs  which 

ufual  ly 
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tifually  hover  about  them.  In  the  caverns  of  the 
earth,  and  in  wells,  you  hear  a hollow  rumbling 
found,  like  the  rufliingof  a great  wind.  At  night 
the  ftars  feem  much  larger  than  ufual,  and  fur- 
rounded  with  a fort  of  burs ; the  north-weft  fky 
has  a black  and  menacing  appearance;  the  fea 
emits  a ftrong  fmell,'and  rifes  into  vaft  waves  often 
without  any  wind.  The  wind  itfelf  now  forfakes 
it’s  ufual  fteady  eafterly  ftream,  and  ftiifts  about 
to  the  weft ; from  whence  it  fometimes,  with  inter- 
miffions,  blows  violently  and  irregularly  about  two 
hours  at  a time.  You  have  the  fame  figns  at  the 
full  moon:  the  moon  herfelf  is  furrounded  with  a 
great  bur,  and  fometimes  the  fun  has  the  fame  ap- 
pearance. 

The  nature  of  the  foil  over  which  the  wind 
blows  has  a great  effedl  upon  the  quality  of  the  air: 
the  vaft  fandy  deferts  of  Africa  and  Arabia  give  a 
burning  heat,  and  blafting  quality,  to  the  air  that 
pafles  over  them.  Thefe  horrid  regions  lie  to  the 
fouthward  and  eaftward  of  the  Mediterranean  ; and 
hence  it  is  that  travellers,  who  have  had  the  op- 
portunity of  making  the  comparifon,  tell  us,  that 
the  air  of  the  Weft  India  iflands  is  nothing  to  the 
hot  fuftbeating  wdnds  which  blow  in  the  night  at 
Minorca  and  Gibraltar,  for  thefe  latter  are  fcarcely 
fupportable  by  the  human  frame.  At  Goree,  in 
the  river  Senegal,  there  is  an  eafterly  wind  from 
the  inland  parts,  wdih  which  thofe  who  are  fud- 
denly  met  by  it  in  the  face  are  fcorched  up  as  by  a 
blaft  from  a furnace. 

An  extraordinary  blafting  w’ind  is  felt  occa- 
fionally  at  Falklands  Iflands.  Flappily  it’s  dura- 
tion is  fhort:  it  feldom  continues  above  twenty- 
four  hours.  It  cuts  the  herbage  down  as  if  fires 
had  been  made  under  them ; the  leaves  are  parched 
up,  and  crumble  into  duft.  Fowls  are  feized  with 
cramps,  fa  as  never  to  recover.  Men  are  opprefled 

with 
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with  a (lopped  perfpiration,  heavinefs  at  the  breajfb 
and  fore  throat ; but  recover  with  care. 

But  beyond  all  others  in  it’s  dreadful  efFe<fls, 
is  the  famiel,  or  mortifying  wind,  of  the  defarts 
near  Bagdad.  The  camels,  either  by  inflindl  or 
experience,  have  notice  of  it’s  approach  ; and  arc 
fo  well  aware  of  it,  that  they  are  faid  to  make  an 
unufual  noife,  and  cover  up  their  nofes  in  the  fand. 
To  efcape  it’s  efiedts,  travellers  throw  themfelves  as 
clofe  as  pollible  to  the  ground,  and  w'ait  till  it  has 
paired  by,  which  is  commonly  in  a few  minutes. 
As  foon  as  they  who  have  life  dare  to  rife  again, 
they  examine  how  it  fares  with  their  companions, 
by  plucking  at  their  arms  or  legs;  for  if  they  are 
deftroyed  by  the  w’ind,  their  limbs  are  abfolutely 
mortified,  and  will  come  afunder.  It  is  faid  of  this 
wind,  that  if  it  happens  to  meet  with  a fliowcr  of 
rain  in  it’s  courfe,  and  blow^s  acrofs  it,  it  is  at  once 
deprived  of  it’s  noxious  quality,  and  becomes  mild 
and  innocent.  It  is  alfo  faid,  that  it  was  never 
known  to  pafs  the  walls  of  a city. 

Of  the  Aurora  Borealis. 

No  perfon  has  paid  fo  much  attention  to  this 
fubjcdl  as  Mr.  Dalton  ; he  is  alfo  the  only  one  that 
I know  of  who  has  given  a clear  and  fatisfadlory 
account  of  this  phenomenon.  To  his  work  I mull 
refer  you  ; contenting  myfelf  here  with  laying  be- 
fore you  his  account  of  the  appearances  of  the  au^ 
rora  borealis,  without  entering  into  his  explanation 
thereof. 

The  appearances  of  the  aurora  come  under 
four  differeiu  deferiptions.  ifl:,  A horizojital  light, 
like  the  morning  aurora,  or  break  of  day.  2dlyj^ 
Fine,  flender,  luminous  beamsy  well  defined,  and  of 
denfe  light.  Thefe  often  continue  a quarter,  an 
half,  or  a whole  minute  apparently  at  rell,  but 
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oftencr  with  a quick  lateral  motion.  YPlaJhes 

pointing  upward,  or  in  the  fame  dirediion  as  the 
beams,  which  they  always  fucceed.  Thefe  arc 
only  momentary,  and  have  no  lateral  motion  ; but 
they  are  generally  repeated  many  times  in  a mi- 
nute. They  appear  much  broader,  more  diffufe, 
and  of  a weaker  light  than  the  beams  : they  grow 
gradually  fainter  till  they  difappear ; and  fome- 
times  continue  for  hours,  liafliing  at  intervals. 
4thly,  Arches^  nearly  in  the  form  of  a rainbow  : 
thefe  when  complete,  go  quite  acrofs  the  heavens, 
from  one  point  of  the  horizon  to  the  oppofitc 
point. 

When  an  aurora  happens,  thefe  appearances 
feem  to  fucceed  each  other  in  the  following  order: 
I.  the  faint  rainhow-like  arches ; 2.  the  beams  ; and 
3.  the  flajhes.  As  for  the  northern  horizontal 
light,  it  appears  to  confift  of  an  abundance  of 
jiafheSy  or  beamSy  blended  together  by  the  iituation 
of  the  obferver. 

The  beams  of  the  aurora  borealis  appear  at  all- 
places  to  be  arches  of  great  circles  of  the  fphere, 
with  the  eye  in  the  center;  and  thefe  arches,  if 
prolonged  upw'ards,  would  all  meet  in  one  point. 

The  rainbozv-like  arches  all  crofs  the  nuzgnetic- 
meridian  ?Ci  right-angles.  When  two  or  more  ap- 
pear at  once,  they  are  concentric,  and  tend  to  the 
call  and  weft ; alfo  the  broad  arch  of  the  horizontal 
light  tends  to  the  magnetic  eall  and  weft,  and  is 
bifeded  by  the  magnetic  meridian  ; and  when  the 
aurora  extends  over  any  part  of  the  hemifphere, 
whether  great  or  frnall,  the  line  feparating  the 
illuminated  part  ot  the  hemifphere  from  the  clear 
part,  is  half  the  circumference  of  a great  circle 
croffing  the  magnetic  meridian  at  right-angles,  and 
terminating  in  the  eaft  and  w’eft : moreover,  the 
beams  perpendicular  to  the  horizon  are  only  thofc 
on  the  magnetic  meridian. 


That 
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That  point  in  the  heavens  to  which  the  l>eams 
of  the  aurora  appear  to  converge,  at  any  place,  is  the 
fame  as  that  to  which  the  fouth  pole  of  the  dipping 
needle  points  at  that  place. 

The  beams  appear  to  rife  above  each  other  in 
fucceflion;  fo  that  of  any  two  beams,  that  which 
has  the  higher  bafe  has  alfo  the  higher  fummit. 

Every  beam  appears  broadefl;  at  or  near  the 
Eafe,  and  to  grow  narrower  as  it  afeends  ; fo  that 
the  continuation  of  the  bounding  lines  would  meet 
in  the  common  center  to  which  the  beam  tends. 

The  height  of  the  rainbow-like  arches  of  the 
atiroruy  are  ellimated  by  Mr.  Dalton  to  be  above 
the  earth’s  furface  about  150  Englifh  miles. 

Of  the  Sources  of  Heat  and  Cold.* 

If  the  changes  of  the  weather  depended  on 
the  courfe  of  the  year,  and  the  temperature  of 
climates  were  governed  by  their  fituation  with  re- 
fpedt  to  the  fun,  that  is,  by  their  latitude,  then  the 
weather  might  be  reduced  to  fome  regular  theory. 
But  this  is  fo  far  from  being  the  cafe, that  the  latitude 
of  a place  cannot  be  confidered  as  an  index  to  the 
temperature  of  the  climate:  for  we  find  the  hottefi: 
days  in  the  coldeft  climates;  and  the  coldeft  wea- 
ther, and  even  perpetual  fnow,.  are  found  in  coun- 
tries bordering  on  and  immediately  under  the 
equator ; fo  that  we  muft  recur  to  fome  other  caufes 
befides  the  immediate  influence  of  the  folar  rays. 

I.  But  though  the  fun  is  not  the  only  caufe, 
it’s  prefence  is  undoubtedly  the  principal  fource  of 
heat  as  well  as  light,  and  it’s  abfence  the  primary 
caufe  of  cold.  It  is  indeed  the  great  fpirit  of  the 

world : 

^ Kirwan’s  Efliimate  of  tha  Temperature  of  difFeient  Lati- 
tudes. 
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World:  all  things  revive  at  his  approach;  winter 
and  froft  lay  behind  him. 

2.  The  fecond  fource  of  heat  is  the  earth. 
Nobody  has  yet  been  found  fo  abfurd  as  to  fuppofe 
that  human  perfpirarion  was  owing  to  the  air  that 
^rroLinds  the  fkin ; it  originates  in  an  internal 
*Life;  it  is  oGcafioned  by  a heat  within,  not  the  air 
without.  It  is  the  fame  with  refpecl  to  the  eartIV; 
which,  by  imparting  it’s  heat  to  the  atmofphcre, 
moderates  the  rigour  of  the  winter’s  cold.  Whe- 
ther we  fuppofe  that  this  heat  arifes  from  a central 
fource,  or  that  the  globe,  from  it’s  firfl  creation, 
was  endued  with  a heat  fufficient  for  all  the  pur- 
pofes  it  was  intended  to  anfwcr;  yet  it  is  evident 
that  it  is  renewed  and  preferved  by  the  influence  of 
the  fun,  and  that  there  is  always  a filent  and  imper- 
ceptible heat  proceeding  from  the  earth. 

Mr,  de  Luc  fnews,  that  our  globe  has  a pro- 
vifion  of  fire  fpread" through  it’s  whole  mafs ; fo 
that  wherever  there  is  no  chemical  operation  to 
difengage  or  to  abforb  it,  this  fire  maintains  the 
fame  degree  of  expanfive  force.  From  obfervation 
we  alfo  find,  that  the  fame  degree  of  heat  reigns  in 
all  fubterraneous  places,  except  in  mines  where 
there  is  reafon  to  fufped:  fome  chemical  ope- 
ration. With  refped  to  thofe  parts  of  the  globe 
which  are  neareft  the  furface,  the  fire  pafles  there- 
from  into  the  air,  when  it’s  expanfive  force  exceeds 
that  of  the  fire  in  the  air,  and  vice  verfa.  Thus  a 
.certain  equilibrium  is  preferved  near  the  furfacc, 
though  fubie6l  to  certain  viciflitudes. 

The  folar  rays  exercife  two  diflindt  funcflions ; 
in  the  one  acfl:ing  as  fire,  in  the  other  incrcafincr  the 
expanfive  force  of  the  exifling  fire.  Various  com- 
binations of  fire  are  continually  forming,  as  well 
upon  the  furface  of  the  globe  as  in  the  atmofphere; 
combinations  w'hich  arc  afterwards  under  ofhWcir- 
cumflances  deftroyed.  Thefc  compolitions  and  de- 
VoL.  IVh  N II  compolitions 
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compofitions  occafion  the  greater  part  of  terrcftrial 
phenomena. 

3.  The  next  great  fource  of,  heat  is  the  con- 
denfation  of  vapour.  Vapour  contains  a quantity 
of  fire : if  is  this  fire  which  caufes  it  to  affurne,  and 
fupports  it  in  an  aerial  expanded  date:  when  cor^- 
denfed  into  a liquid  form,  it  lets  go  this  fire,  which 
warms  the  furrounding  atmofphcre  ; hence  the  ful- 
trinefs  frequently  experienced  before  rain. 

Of  the  Sources  of  Cold. 

I.  As  the  earth  is  one  of  the  principal  fources 
of  heat  in  the  atmofphcre  that  furrounds  it,  fo  is 
diflance  from  the  earth  a fource  of  cold  ; the  greateft 
cold  preyailingqn  the  higheli  regions  of  the  atmo- 
fphere  : for  where  the  re-adion  is  w'anting  by  a 
fuperficial  preffure,  but  little  effec^l  can  be  received 
from  the  rays  of  the  fun;  and  it  is  further  proved, 
by  experimenis  with  the  burning-glafs,  that  a clear 
unclouded  air  receives  no  heat  from  thefe  rays. 
Hence,  w hen  we  afeend  to  a lighter  air,  at  a dif- 
tance  from  the  furface,  the  heat  is  not  fufficient  to 
melt  the  fnow;  and  we  find  the  highed  mountains, 
even  under  the  equinocilial,  perpetually  covered 
therewith  ; thus  the  mean  heittht  of  the  lower  term 
of  congelation,  in  winter,  in  this  latitude,  may  be 
confidered  in  general  to  be  at  6260  feet  from  the 
furface,  and  the  mean  height  of  the  upper  term  at 
1x25  feet.  We  cannot  in  this  Ledurc  condder 
any  of  the  minute  exceptions. 

Sir  William  Young  gives  a remarkable  in- 
dance  of  the  ededt  of  hills,  in  arreding  vapours, 
and  producing  rain,  while  the  exhalations  from 
the  trees  on  it’s  furface  cool  and  temper  the 
air;  obferving,  that  the  fmooth  polilhed  Barbadoes, 
and  our  Lecvuird  Idands,  are  parched  up,  whild 
thv-  lowering  and  rugged  Dominica,  St.  Vincent, 
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Grenada,  and  Tobago,  enjoy  incefTant  rains,  and 
delicious  verdure. 

It  is  generally  agreed,  that  the  clearing  away 
of  wood  in  time  lelTens  the  vapours,  and  confe- 
quently  the  rain  of  a country.  Several  fine  parifhes 
In  Jamaica,  which  ufed  to  produce  large  crops  of 
fugar  canes,  and  were  once  the  richeft  fpots  in  the 
ifland,  arc  now  dry  for  nine  months  in  the  year,  and 
are  turned  into  cattle-pens,  through  the  clearing 
away  of  the  neighbouring  woods. 

Water  is  very  plentiful  in  thofe  countries  where 
w'oods  and  forefts  abound,  and  the  pureft  fprings 
are  generally  found  beneath  the  friendly  (belter  "of 
a grove. 

The  natural  hiftory  of  every  country  fhews, 
that  in  proportion  as  the  woodlands  are  cleared,  the 
water  courles  diminifh. 

In  America,  unfortunately  for  the  inhabitants, 
this  truth  is  too  well  known  ; for  fince  the  woods  in 
the  vicinity  of  their  towns  have  been  cut  down, 
many  long  eftablifhed  mill  races  have  become  dry, 
and  others  have  been  reduced  fo  low,  as  to  caufe 
very  great  interruptions  to  the  miller,  who  muft 
wait  a confiderable  time  for  the  dams  to  fill  be- 
tween every  few  hours  work. 

Hence  w^e  may  learn  the  important  necefiity  of 
preferving  the  trees,  from  beneath  whofe  humid 
fhades  a w'ater  fpring  difeharges  it’s  flrearns ; and 
hence,  too,  we  may  learn,  that  the  fmallefl  fprings 
may  be  improved  by  planting  around  them  a grove 
of  trees,  particularly  the  oak,  fo  highly  valued  by 
the  Greeks,  the  Romans,  and  our  ancient  Druids  ; 
who,  confidering  the  health  of  man,  and  the  ferti- 
lity of  the  foil,  to  be  abfolutely  dependent  upon 
plenteous  ffrtams  of  WdittVyConfecrated  their  groves 
to  preferve  their  fprings. 

.2.  The  next  great  fource  of  cold  is  evapora- 
tion. The  fame  caufe  which  makes  the  con- 

N n 2 denfation 
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denfatioii  of  vapour  a fource  of  heat,  maizes  eva- 
poration produdtive  of  cold  ; as  it  abforbs  the  fire 
in  the  latter  inftance,  which  it  gives  out  in  the 
former : it  is  this  which  gives  the  particles  of  va- 
pour their  aerial  form.  Vvdien  fire  pafTes  from 
fluids  which  it  has  heated,  it’s  courfe  is  upwards, 
and  it  always  carries  with  it  a thin  ftratum  of  the 
fluid  in  the  form  of  vapour:  thus  evaporation  not 
only  tempers  the  heat  occafioned  by  the  fun’s  rays, 
but  is  one  great  fource  of  cold. 

Of  Evaporation. 

Of  evaporation  it  maybe  obferved,  i.  That  in 
our  climates  the  quantity  of  it  is  four  times  greater 
from  the  2 iff  of  March  to  the  21  ft  of  September, 
than  it  is  from  the  2 iff  of  September  to  the  21ft  of 
March. 

2.  That  it  is  greater  in  proportion  as  the  dif- 
ference in  temperature  between  the  air  and  eva- 
porating furface  is  greater;,  though  if  the  air  be  15 
degrees  colder  than  the  evaporating  furface,  there  is^ 
no  evaporation,  but  a depofit  of  moiffure  from  the 
air. 

3.  The  degree  of  cold  produced  by  eva- 
poration, is  always  much  greater  when  the  air  is 
warmer  than  the  evaporating  furface,  than  that 
which  is  produced  when  this  furhtce  is  warnaer  than 
the  air.  Hence  warm  w inds^  as  the  Scrocco  and 
Harmatan,  are  more  deficcative  than  cold  winds. 

4.  Evaporation  is  more  copious  when  the  air 
is  Icfs  loaded  with  vapours,  and  is  confequently 
powerfully  promoted  by  cold  winds  flowing  into- 
warmer  countries. 

5.  That  it  is  greatly  incrcafed  by  a current  or 
air,  or  wind,  flowing  over  the  evaporating  furface; 
not  only  becaufe  the  evaporating  furface  is  thereby 
ingreafed,  but  alfo  becaufe  the  vapour  is  thereby 
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removed,  and  prevented  from  attaining  it’s  maxi- 
mum : hence  it  is  generally  remarked,  that  calm 
days  are  the  hotted. 

6.  Traces  of  land  covered  with  trees  or  vege- 
tables, emit  more  vapour  than  the  fame  fpace 
covered  with  water:  on  this  principle  it  is,  that 
the  air  about  a wood  or  fored  is  made  colder  by  the 
evaporation  from  trees  and  dirubs,  while  the  plants 
themfedves  are  kept  in  a more  moderate  hear,  and 
fecured  from  the  burning  heat  of  the  fun,  by  the 
vapour  perfpired  from  the  leaves.  Thus  we  find 
the  diade  of  vegetables  more  effectual  to  cool  us,  as 
well  as  more  agreeable,  than  that  from  rocks  and 
buildings. 

7.  The  heat  and  cold  of  different  countries  are 
tranfmitted  from  one  country  to  the  other,  by  the 
medium  of  winds. 

Of  Annual  Temperature. 

Within  ten  degrees  of  the  pole  there  is  very 
little  difference  in  the  annual  temperature,  nor  is 
there  much  within  ten  degrees  of  the  equator. 

The  temperature  of  different  years  diders  very 
little  near  the  equator,  but  they  diPfer  more  and 
more  as  their  latitudes  approach  the  pole. 

It  fcarce  ever  freezes,  unlefs  in  very  elevated 
dtuations,  in  latitudes  under  35°;  and  it  fcarce 
ever  hails  in  latitudes  higher  than  60^. 

Between  the  latitudes  of  35”  and  60°, in  places 
adjacent  to  the  fea,  it  generally  thaws  when  the 
fun’s  altitude  is  40^,  and  feldom  begins  to  freeze 
until  the  fun’s  meridian  altitude  is  below  40^. 

The  greateff  cold  in  all  latitudes  in  our  hemi- 
fphere,  is  generally  about  half  an  hour  before  fun- 
rife:  the  greateff  heat  in  all  latitudes  between  60^ 
and  45°,  is  found  to  be  about  half  paff  two  o’clock 
in  the  afternoon  j between  latitudes  45®  and  35°,  at 
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two  o’clock;  between  latitudes  35  and  25°,  at  half 
pad:  one  ; and  betw  een  latitude  25°  and  the  equator, 
at  one  o’clock. 

The  month  of  January  is  the  coldeft  in  every 
latitude.  July  is  the  warmed:  month  in  all  lati- 
tudes above  48°;  but  in  lower  latitudes  Auguft  is 
generally  the  warmed-. 

December  and  January  differ  but  little,  and 
there  is  no  great  difference  between  June  and  July. 
In  latitudes  above  30®,  the  months  of  Augud:,'Sep- 
tember,  October,  and  November,  dider  more  from 
each  other  than  thofe  of  February,  March,  April, 
and  May;  in  latitudes  under  30®  the  difference  is 
not  fo  great.  The  temperature  of  April  approaches 
more  every  where  to  the  mean  annual  temperature 
than  that  of  any  other  month:  whence  wc  may 
infer,  that  the  cffed;s  ‘of  natural  caufes,  operating 
over  a large  extent,  do  not  arrive  at  their  maximum 
until  the  caufes  begin  to  diminilh  ; but  that  after 
thefc  effeefts  have  arrived  at  their  maximum,  the 
decrements  arc  more  rapid  than  the  increments 
originally  w ere,  during  their  progrefs  to  that  maxi- 
mum. ] 

The  differences  between  the  hotted  and  the 
colded  months,  within  twenty  degrees  of  the  equa- 
tor, arc  inconddcrable,  except  in  fome  peculiar 
litLiations  ; but  they  increafe  in  proportion  as  W’e 
recede  from  the  equator. 

In  the  highed  latitudes,  w^e  often  meet  with  a 
heat  of75°or  80°;  and  particularly  in  latitudes  59® 
and  60°,  the  heat  of  July  is  frequently  greater  than 
in  latitude  51®. 

At  the  time  of  the  equinoxes,  w’hen  the  fun 
paffes  from  one  hemifphere  into  the  other,  there  is 
generally  fome  didurbance  in  the  weather;  the 
winds  are  then  modly  higher:  at  the  vernal  equi- 
nox, they  are  for  the  greater  part  eaderly,  cold, 
dry,  and  fearching.  The  folditial  point  of  the 
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fiimmcr  is  more  apt  to  be  dif^Inguifhed  by  violent 
rains,  and  what  we  call  a midfummer  Hood.  ^ 
winter  being  lefs  rainy  than  the  iunimer,  notning 
particular  happens  at  the  winter  folHice,  except 
that  the  froH:  lets  in  more  fevcrely,  with  fome  con- 
tinuance of  fnow,  which  lies  long  upon  the  ground. 

The  ietnperalure  oj  a elhncite  depends  on  many 
circumHances,  particularly  on  the  difpolition  of  the 
land;  as  it’s  elevation,  it’s  expofure  to  the  winds, 
and  the  courfc  of  the  mountains  that  are  found  in 
it.  Thus  the  w'riter  of  Anfon’s  voyage  infornis  us, 
that  while  they  coafted  near  the  land  of  South 
America,  wdnich  has  thofc  vafl:  ridges  of  moun- 
tains, the  Andes  and  Cordillieras,  the  air  was  ren- 
dered temperate  by  the  wind  that  blew  over  them  ; 
but  w’hen  they  had  paHed  beyond  this  tradt  of  land, 
and  failed  by  the  illhrnus  of  Darien,  where  the 
country  is  flatter,  the  air  became  infupportably 
clofe  and  fultry.  ' 

All  countries  lying  to  the  windivard  of  high 
mountains^  or  extenfive  forefts,  are  warmer  than 
thofe  to  the  leeward  in  the  fame  latitude. 

The  vicifiily  io  the  fea  is  another  circumflance 
which  affeds  the  temperature  of  a climate  ; as  it 
moderates  the  heats  from  the  land,  and  brings  the 
atmofjphcre  down  to  a flandard  befi  fitted  to  the 
human  conftitution.  This  is  probably  the  reafon 
w'hy  there  is  fo  great  a proportion  of  fea  on  the 
terraqueous  globe,  and  particularly  why  it  is  fo 
largely  diflributed  about  the  middle  region  of  the 
earth.  In  our  hcmifphcrc,  countries  that  lie  fouth- 
ward  of  any  fea,  are  warmer  than  thofe  that  have 
that  fea  to  the  fouth  of  them  ; bccaufe  the  winds 
that  .fhould  cool  them,  in  winter  arc  mitigated  by 
palTing  over  the  fea  ; whereas  thofe  that  arc  north- 
ward of  the  fea,  are  cooled  in  fummer  by  the 
breezes  from  it.  A northern  or  fouthern  bearing 
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of  the  fea  renders  a country  warmer  than  an  eaflcrn 
or  vveiTcrn  bearing. 

Ijlands  participate  more  of  temperature  arifing 
from  the  iea,  and  are  therefore  warmer  than  conti- 
nents. Mod  large  iflands  have  their  greatefl  ex- 
tent from  north  to  fouth.  With  us,  the  fouthern 
parts  are  proportionably  colder  than  the  northern. 

/ lidge  of  mountains  generally  traverfes  iflands  in 
the  direction  of  their  length. 

. . ^arge  tradts  of  land  has  it’s  fhare 

m influencing  the  temperature  of  the  weather  ; thus 
itones  or  fand  heat  and  cool  more  readily,  and  to  a 
greater  degree,  than  the  earth  or  vegetable  mould  ; 
hence  the  violent  heats  of  the  mod  Tandy  defarts  of 
Arabia  and  Africa,  and  the  burning  heat  and  blad- 
iiig  (Qualities  of  the  wind  that  pades  over  them ; 
hence  alfo  the  intenfe  cold  of  Terra  del  Fuego,  and 
otner  dony  countries,  in  cold  latitudes. 

vegetables  have  a confiderable  effedf  in 
alteringclimates,and  adedling  the  weather.  Wooded 
countries  are  much  colder  than  thofe  that  are  open 
and  cultivated  : thus  part  of  Guiana  has  onjy  been 
cleaied  from  wood  lince  the  beginning  of  this  cen- 
tuiy,  and  the  heat  in  that  part  is  already  excefiive  ; • 
wheieas  in^  the  W'ooded  parts  the  inhabitants  arc 
obliged  to  light  a lire  every  night. 

Every  habitable  latitude  enjoys  a heat  of  6o. 
degrees  at  lead,  for  two  months  ; which  heat  feems 
necedaiy,  for  the  growth  and  maturity  of  corn, 
ihe  quickncTs  of  vegetation  in  the  higher  lati- 
tudes, proceeds  from  the  duration  of  the  fun  over 
the  horizon.  Rain  is  little  vvanted,  as  the  earth  is 
fufhciently  moidened  by  the  liquifaClion  of  the 
fnow^,  that  covers  it  during  the  wdnter.  In  all  this, 
we  cannot  fufficiently  admire  the  wdfe  difpolitioii 
of  providence. 

It  is  owing  to  the  fame  provident  hand,-  that 
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the  globe  of  the  earth  is  interfed:ed  with  fcas  and 
mountains,  in  a manner,  that  on  it’s  firfl:  appearance 
feems  altogether  irregular  and  fortuitous;  prefent- 
ing-  to  the  eye  of  ignorance,  the  view  of  an  im- 
menfe  ruin  : but  when  the  effecSts  of  thefe  feeming 
irregularities,  on  the  face  of  the  globe,  are  care- 
fully infped;ed,  they'are  found  moft  beneficial,  and 
even  necelfary  to  the  welfare  of  it’s  inhabitants  ; 
for,  to  fay  nothing  of  the  advantages  of  trade  and 
commerce,  which  could  not  exilf  without  thefe 
Teas ; we  have  feen,  that  it  is  by  their  vicinity,  that 
the  cold  of  the  higher  latitudes  is  moderated,  and 
the  heat  of  the  lower.  It  is  by  the  want  of  fcas, 
that  the  interior  parts  of  Afia,  as  Siberia  and  Great 
Tartary,  as  well  as  thofe  of  Africa,  are  rendered 
almoft  uninhabitable  ; a circumftancc  which  fur- 
nilbes  a frong  prejudice  againfl  the  opinion  of 
thofe,  who  think  thefe  countries  were  the  original 
habitations  of  man.  In  the  fame  manner,  moun- 
tains are  neceffary,  not  only  as  the  refervoirs  of 
rivers,  but  as  a defence  againfl  the  'violence  of 
heat  in  the  warm  latitudes.  Without  the  Alps, 
Pyrenees,  Apennine,  the  mountains  of  Dauphine, 
and  Auvergne,  &c.  Italy,  Spain,  and  France, 
would  be  deprived  of  the  mild  temperature  they 
at  prefent  enjoy  ; vdthout  the  Balgate  hills,  or 
Indian  Apennine,  India  would  have. been  a defart  : 
hence  Jamaica,  St.  Domingo,  Sumatra,  and  moft 
other  intertropical  iflands,  -are  furnifticd  with 
mountains,  from  which  the  breezes  proceed  that 
fdrelh  them.. 

\ 

Of  Atmospherical  Electricity. 

So  little  is  known  with  any  certainty,  con- 
cerning aimofpherical  elcHricity^  that  I ftiall  de- 
tain you  but  a fhort  time  with  what  I have  to  fay 
thereon.  If  every  folutiqn  of  continuity,  every 
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. cxpanfion  and  contraClion  of  material  iubiianccs, 
are  fources  of  elefcirical  appearances,  we  need  not 
1 ' fiiidin|j  it  in  great  abundance  among 

the  clouds : in  this  view  of  the  fubjecff,  the  per- 
petual ofcillations  ot  tne  air  mull  be  alfoameans  of 
rendering  it  fcnfible  to  us.  Mr.  Rennet’s  * eledro- 
inetcr,  which  I have  already  defcribed,  is  the  bell 
anci  readich  inflrument  for  obferving  the  changes 
in  the  eleclricity  of  the  atmofphere. 

The  follow’ing  politions  have  been  deduced 
from  feme  oblervations  on  the  eledrical  Hate  of 
the  atmofphere.  iH.  That  in  the  fpring,  when 
plants  begin  to  grov/,  we  arc  told,  that  temporary 
cledtrical  clouds  begin  to  appear,  and  pour  forth 
eledric  rain.  2d.  That  the  eledricity  of  the  clouds 
and  of  the  rain  increafes,  till  that  part  of  autumn, 
when  the  laft  fruits  are  gathered.  It  is  hence  fup- 
poled  to  aduate  and  animate  vegetation,  and  to  give 
to  rain  that  power,  which  renders  it  more  propiti-- 
ous  to  vegetables  than  any  other  kind  of  water- 

Aerial  elcdricify  varies  according  to  the  fitu- 
ation  ; i_t  is  generally  ftrongefl  in  elevated  and  in- 
fulatcd  fituations  ; not  to  be  obferved  under  trees, 
in  flreets,  in  houfes,  or  any  inclofed  places;  though 
it  is  fpmerimes  to  be  found  pretty  Hrong  on  quays 
and  bridges,  it  is  allb  not  fo  much  the  abfolute 
height  oi  the  places,  as  their  htuation  ; thus  a pro- 
jcding  angle  of  a high  hill  will  often  exhibit  a 
ftronger  elcdricpy  than  the  plain  at  the  top  of  the 
hill,  as  there  are  fewer  points  in  the  former  to  de- 
prive the  air  ot  it’s  eledtricity. 

The  intCDiJty  of  the  atmofpheric  eledricity 
is  varied  by  a great  many  circuniHances,  feme  of 
\\  hidi  may  be  accounted  tor,  others  cannot.  When 
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the  weather  is  not  ferenc,  it  is  inipofhblc  to  afiigii 
any  rule  for  their  variation,  as  no  regular  corref- 
pondence  can  then  be '’perceived  with  the  different 
hours  of  the  day,  nor  with  the  various  modifica- 
tions of  the  air.  The  reafon  is  evident  ; w hen  con- 
trary and  variable  winds  reign  at  dilferent  heights, 
when  clouds  arc  rolling  over  clouds,  thefe  winds 
and  clouds,  which  we  cannot  j)crceive  by  any  ex- 
terior fign,  influence,  however,  the  ftrata  of  air  in 
which  we  make  our  experiments,  produce  thofe 
changes  of  which  we  only  fee  the  refult,  without 
being  able  to  aflign  either  the  caufe,  or  it’s  relation. 
Thus,  in  hormy  weather,  we  fee  the  eledricity 
Ifrong,  then  null,  and  in  a moment  after  arife  to  it’s 
former  force;  one  infant  vitreous,  the  next  rc~ 
finous;  without  being  able  to  affign  any  reafon  for 
thefe  changes.  Mr.  de  SaulTure  lays,  that  he  has 
fecn  thefe  changes  fucceed  with  fuch  rapidity,  that 
he  had  not  time  to  note  them  down. 

When  rain  falls  without  a form,  thefe  chancres 
are  not  fo  fudden  ; they  are,  however,  very  irregu- 
lar, particularly  with  refped  to  the  intenlity  of 
force;  the  quality  thereof  is  more  confant.  Rain 
or  fnow  almoft  uniformly  give  vitreous  elec- 
tricity. 

The  hate  of  the  air,  in  which  the  electricity 
is  Ifrongeh,  is  foggy  weather;  this  is  always  ac- 
companied w ith  electricity,  except  when  the  fog  is 
going  to  refolve  into  rain. 

The  molf  interelfing  obfervations,  and  thofe 
which  throw  the  greatcfl:  light  upon  the  various 
modifications  of  electricity  in  our  atmofphere,  arc 
thofe  that  are  made  in  ferenc  weather.'  In  winter, 
■(during  which  moll  ot  Mr.  de  SaulTure’s  obferva- 
tions were  made)  and  in  ferenc  weather,  the  elec- 
tricity was  generally  weakefl:  in  an  evening,  when 
the  dew  had  fallen,  until  the  moment  of  the  fun’s 
filing;  it’s  intenlity  afterwards  augmented  by  de- 
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grecs,  romctiiiies  fooncr,  and  foinetiiTJCs  later  ; but 
generally  bclorc  noon  it  attained  a certain  maxi- 
mum, from  whence  it  again  declined,  till  the  fall 
of  the  dew,  when  it  would  be  fometimes  Wronger 
than  It  had  been  during  the  whole  day ; after  which, 
it  would  again  gradually  diminifli  during  the  w’hole 
night ; but  is  never  quite  deftroyed,  if  the  weather 
is  perfectly  ferene. 

Atmojpherical  eJeftricity  feems,  therefore,  like 
the  fea,  to  be  fubjedl  to  a f ux  and  reJhiXy  w'hich 
caufes  it  to  increale  and  diminifli  twice  in  24 
hours.  T.  he  moments  or  it’s  greatefl  force  are  fome 
hours  after  the  rifing  and  Jetting  of  the  fun  ; thofe 
when  it /V  'ueeakcjiy  precede  the  rifing  and  Jetting 
thereof . 

The  eledlricity  of  ferene  w'eather  is  much 
weaker  in  fumrner  than  in  winter,  which  renders 
it  more  difficult  to  obferve  thefe  gradations  in  fum- 
mcr  than  in  winter;  befides  a variety  of  accidental 
caufes,  which  at  the  fame  time  render  them  more 
uncertain.  In  general,  in  fumrner,  if  the  ground 
has  been  dry  for  fome  days,  and  the  air  is  dry  alfo, 
,the  elc(^fricity  generally  increafes,  from  the  rifing 
of  the  fun  till  3 or  4 in  the  afternoon,  when  it  is 
Idrongefi;  ; it  then  diminiflies  till  the  dew^  begins  to 
fall,  which  again  reanimates  it;  though  after  this 
it  declines,  and  is  almofi:  extinguiflied  during  the 
night. 

But  the  ferene  days  that  fuccced  rainy  weather 
in  fummer,  generally  exhibit  the  famsc  diurnal  pe- 
riods or  ffiates  of  electricity,  as  are  to  be  obferved 
in  winter. 

On  Prognostic  Signs  of  tme  Weather. 

There  is  no  part  of  meteorology  which  intereffs 
mankind  fo  much,  as  the  predictions  it  furnifiies 
of  the  change  of  weather.  The  theory  of  it  only 
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engages  the  attention,  by  animating  us  with  the 
hopes  of  thereby  bringing  the  knowledge  ot  thefc 
predidlions  to  perfection. 

And  the  far  greater  part  of  thofe  who  pur- 
chafe  meteorological  indruments,  buy  them,  not 
fo  much  to  know  the  aCtual  date  of  the  elements^ 
as  to  forefee  the  changes  thereof.  This  fcience  is, 
however,  very  imperfect ; for  it  is  but  ot  late  years 
that  we  began  to  make  obfervations  on  the  changes 
of  the  weather  ; and  that  it’s  progrefs  has  been  ra- 
pid and  fuccefsful,  may  be  feen  in  the  works  of 
De  Luc,  De  Sauffure,  Jones,  Mardiall,  and  Kirwan. 
But  thefe  obfervations  will  be  dill  more  valuable  to 
poderity ; for  we  can  fcarce  expect  them  in  fudi- 
cient  number  in  our  own  age,  to  deduce  trom  them 
a general  and  perfctl  theory. 

To  attain  this  end,  it  will  be  neceifary  to 
multiply  obfervations  on  as  great  a number  of  tigns 
as  polfible;  for  it  is  only  by  their  combination  and 
concurrence  that  we  can  expeCt  to  remove  the  un- 
certainty infeparable  from  each  in  itfelf.  Thus 
the  barometer  is  not  always  a certain  fign  ; the 
fame  may  be  faid  of  the  thermometer,  the  hygro- 
meter, and  the  adtion  of  winds.  But  if  they  all 
concur  together,  there  is  but  little  chance  of  being 
deceived  ; and  there  would  be  dill  lefs,  if  to  thefe 
were  joined  other  dgns,  which  are  eafy  to  obferve, 
and  which  by  their  combination  w ould  render  our 
prediction  certain. 

No  dgn,  nor  any  indrument  of  obfervation, 
fliould  therefore  be  negleCted,  either  from  a love  of 
ideal  perfeQion,  or  fears  of  inaccuracy.  ^Thus,. 
though  the  hygrometer  be  at  prefent  a very  imper- 
feCt  indrument,  yet  one  certain  dgn  has  already 
been  obtained  from  it’s  indications,  and  more  may 
be  reafonably  expected.  Even  the  w'ords  very 
dry,  very  moiJI,  moderately  dry,,  moderately  moift„ 

though 


55^  Lectures  on  Natural  PHiLosopirr. 

though  of  vague  determination,  may  throw  much 
light  on  the  ftate  of  the  armofphere. 

It  is  nccefTary  that  the  obferver  Hiould  entei: 
Into  a precife  detail  ot  the  various  dates  of  the  Iky, 
and  the  clouds.  What  can  we  learn  from  the  words 
covered,  and  cloudy,  or  half  covered  Jky,  &c.  ? No- 
thing, fmee  it  is  well  known,  that  a covered  fky, 
in  one  cafe,  is  almod  as  certain  an  indication  of 
fine  V Gather,  as  in  another,  it  is  an  indubitable 
prefage  of  rain.  The  accurate  obferver  piques 
himfelf  on  a thermometer,  with  which  he  can  ob- 
ferve  within  a degree,  and  a barometer  that  he  can 
depend  upon  to  lefs  than  the  loodth  of  an  inch  ; 
but  is  filcnt  on  the  tranfparency  of  the  air,  on  dews, 
on  the  elevation,  the  form,  the  fign,  the  difpodtion, 
the  colour,  and  the  denfity  of  the  clouds  ; things 
that  may  be  obferved  with  eafe,  and  defenbed  with- 
out trouble  ; being  attended  with  no  other  incon- 
venience  than  that  of  extending  the  fize  of  our 
meteorological  tables. 

There  is  a phenomenon,  which  has  not  been  fudi- 
cicntly  attended  to,  namely,  the  undulating  motion 
of  the  firmament,  or  that  diurnal  tumult  in  the  air, 
which  is  kept  up  by  the  heat  of  the  fun.  What 
the  fun  raifes  from  the  earth  by  the  heat  of  the  day, 
is  fudained  in  the  armofphere  by  it’s  heat,  and  the 
agitation,  or  expanfivc  undulation  of  the  air.  This- 
motion  is  often  vifible  to  the  naked  eye,  but  in  the 
field  of  a powertul  tclcfcopc  it  is  very  confpicuous; 
all  objccds  appear  in  violent  agitation,  and  the  line 
of  the  fenfible  horizon,  which  ought  to  be  clear 
and  well  defined,  is  waved  like  a field  of  corn  in 
the  wind,  or  the  furface  of  the  fea  in  a dorm.  So 
long  as  this  agitation  continues,  the  vapours  day 
in  the  air;  but  when  it  fubddes,  and  the  fun  de- 
parts, they  arc  condenfed,  and  fall  down  to  the  earth 
in  the  night  as  dew\ 
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In  the  prcfent  flate  of  this  part  of  fcicncc, 
when  we  are  unacquainted  with  fo  many  pheno- 
mena, and  dill  more  ignorant  of  their  caufes, 
general  rules  will  often  be  found  to  fail,  and  parti- 
cular ones  will,  without  much  circumfpe8ion, 
prove  to  be  a fource  of  error.  Amongft  the  variety 
of  means  for  predidiing  the  changes  of  the  wea- 
ther, the  barometer  is  undoubtedly  one  of  the  bed; 
and  is  in  this,  as  well  as  many  other  refpechs,  one  of 
the  greated  acquidtions  to  natural  philofophy. 

The  ufual  ranges  of  the  mercurial  column,  in 
this  latitude,  are  comprized  between  28  and  31 
inches;  of  which  the  middle,  or  29^,  is  conddered 
as  the  variable:  I think  it  Ihould  be  placed  fome- 
vvhat  higher.  Near  the  pole,  the  variations  of  the 
barometer  are  much  greater. 

Of  Prognostics  by  the  Barometer. 

Ever  dnee  the  barometer  has  been  invented, 
philofophers  have  endeavoured  to  account  for  the 
variations  in  the  height  of  a local  barometer,  but 
hitherto  in  vain.  Mr.  de  Luc,  in  the  drd  volume 
of  his  Recherches  fur  les  Modidcations  de  I’At- 
mofphere,”  has  given  a critical  and  very  intereding 
account  of  the  various  phydeal  opinions  that  have 
been  invented  for  this  purpofe  by  Pafeal,  Beale, 
Wallis,  Garden,  Halley,  &c.  &c.  and  fhewn  that 
they  are  all  imperfeed,  and  inadequate  to  the  fo- 
lution  of  the  phenomena.  He  then  propofes  one 
of  his  own;  which,  with  that  candour  that  ever 
didinguifhes  a lover  of  truth,  he  has  dnee  aban- 
doned. To  give  a particular  account  of  the  various 
hypothefes,  would  occupy  a volume,  and  that  to 
little  purpofe.  As  1 know  of  none  that  can  be 
depended  on,  I lliall  content  myfcif  with  only  re- 
lating the  bare  phenomena.  The  two  great  fources 
of  error  on  this  fubjcCd  have  been,  id,  the  di di- 

cult  v 
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culty  of  obfcrving  the  whole  of  the  appearances ; 
and  2dly,  the  facility  with  which  the  mind  em- 
braces and  fupporus  a favourite  hypothecs. 

There  is  one  ftriking  phenomenon  in  the  va- 
riations of  the  barometer,  which  fliould  be  parti- 
cularly attended  to  in  every  theory,  becaufc  it  is  as 
great  as  it  is  certain  and  invariable  ; namely,  that 
the  variations  diminifh  in  proportion  as  you  ap- 
proach the  equator,  and  augment  as  you  ad- 
vance towards  the  poles.  The  countries,  however, 
that  are  fituated  about  the  equator,  are  fubjed  to 
changes  of  the  weather,  though  it  is  more  conftant 
there  than  in  the  temperate  climates : there  are 
changes  there  of  humidity  and  drynefs,  rains  and 
fair  weather,  florms  and  tempefts,  &c.  much  more 
violent  than  with  us  ; and  yet  all  thefe  take  place 
without  any  way  affeding  the  barometer. 

Mr.  Dalton’s  general  Rules  and  Observations 

FOR  JUDGING  OF  THE  WeATHER. 

1.  The  barometer  is  highefl  of  all  during  a 
Jong  froft,  and  generally  rifes  with  a N.  tk  wind  ; 
it  is  lowefi:  of  all  during  a thaw  following  a long 
frolf,  and  is  often  brought  down  by  a S.  W.  wind. 

2.  When-neareft  the  high  extreme  for  the 
feafon  of  the  year,  there  is  very  little  probability 
of  immediate  rain. 

3.  When 'barometer  is  low  for  the  feafon^ 
there  is  feldom  a great  weight  of  rain,  though  a fair 
day  ill  fuch  a cale  is  rare.  The  general  lenor  of  the 
weather  at  fuch  times  is,  fliort,  heavy,  and  fuddeii 
Jhowers,  with  fqualls  of  wind  from  the  S.  W. 

or  N.  W. 

4.  In  fummer,  after  a long  continuance  of  faif 
weather,  with  the  barometer  high,  it  often  falls 
gradually,  and  for  one,  two,  or  more  days  before^ 
there  is  much  appearance  of  rain.  If  the  fall  be 

fuddea 
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fudden  and  great  for  the  feafon,  it  will  probably  be 
followed  by  thunden 

5.  When  the  appearances  of  the  fky  are  very 
promifing  for  fair  weather,  and  the  barometer  at  the 
fame  time  low,  it  may  be  depended  upon  that  the 
appearances  will  not  remain  fuch  long.  On  thefe 
occalions  the  face  of  the  Hcy  changes  very  fuddenly. 

6.  Very  dark  and  denfe  clouds  pafs  over,  wheii 
the  barometer  is  high,  without  rain ; but  when  the 
barometer  is  low,  it  fometimes  rains  almofi;  without 
any  appearance  of  clouds. 

7.  All  appearances  being  the  fame,  the  higher 
the  barometer  is,  the  greater  is  the  probability  of 
fair  weather. 

8.  Thunder  is  generally  preceded  by  hot  wea- 
ther, and  followed  by  cold  and  ftiowery  weather. 

9.  A fudden  and  extreme  change  of  tempe- 
rature of  the  atmofphere,  either  from  heat  to  cold,  or 
cold  to  heat,  is  generally  followed  by  rain  within  24 
hours. 

I 10.  In  winter,  or  during  a froff,  if  it  begins  to 
fnow,  the  temperature  of  the  air  generally  rifes  to 
32^,  and  continues  there  while  the  fnow  falls? 
after  which,  if  the  weather  clears  up,  expedl  fevere 
cold. 

II.  The  aurora  borealis  is  a prognofHc  of  fair 
weather. 

Further  Indications  of  tUe  Weather  by  the 

I3aRO  METER. 

In  general,  when  the  barometer  falls>  there  is 
rain;  but  when  the  mercury  rifes,  it  is  a fign  of  fair 
weather. 

If  the  mercury  falls  in  a frofl,  we  may  expeA 
fnow,  or  a thaw  ; but  if  it  rifes  in  winter,  with  a 
north  or  eaft  wind,  it  generally  portends  a froff. 

If  the  mercury  finks  (lowly  and  gradually,  we 
tnay  expecil  that  the  rain  will  be  of  feme  conti- 
VoL.  IV*  O o nuance  3 
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nuance  ; and  if  the  rife  be  gradual,  we  may 
judge  that  the  fine  weather  will  be  lading.  If 
it  diidtuates  much,  rifing  and  falling  fuddenly,  the 
weather  is  unfettled  and  changeable  : if  it  falls  very 
low,  there  will  be  much  rain  but  if  it’s  falls  are 
low  and  fudden,  a high  wind  generally  enfues ; 
when  exceeding  low,  dorms  and  tempeduous  wea- 
ther may  be  expedfed ; but  if  an  extraordinary  fall 
happens,  without  any  remarkable  change  near  at 
hand,  it  is  probable  that  there  is  a dorm  at  a dil- 
tance. 

The  defeent  of  the  barometer  is  not,  however, 
always  an  indication  of  rain,  for  it  will  often  fall  for 
wind  ; nor  is  it’s  rife  a certain  dgn  of  fair  weather, 
particularly  if  the  wind  be  northerly  or  eaderly.^  If 
the  fine  weather  be  lading,  with  a wederly  wind„ 
the  mercury  generally  reds  a little  above  change- 
able, but  fomewhat  below  thirty  inches. 

In  the  funimer  months  the  barometer  does  not 
vary  fo  much  as  in  winter ; the  greated  variations 
are  in  the  fird  two,  and  the  lad  two  months  of  the 
year,  but  particularly  in  the  fird  and  lad.  A north- 
ead  wind  generally  makes  the  barometer  in  this 
country  rife,  and  it  is  generally  lowed  with  a fouth- 
wederly  wind. 

If  the  mercury  continues  to  fall  while  it  rains, 
it  will  be  likely  to  rain  the  next  day:  when  the 
mercury  is  pretty  high,  and  has  fallen  to  foretel 
rain,  and  yet  rifes  before  the  rain  falls,  it  is  an 
indication  that  there  wdll  be  but  little.  In  fair 
weather,  when  the  mercury  has  continued  high  and 
ridng,  if  it  falls  about  noon,  and  rifes  again  towards 
the  evening,  a fingle  diower  may  be  expc6f:ed  on 
the  evening  or  noon  of  the  next  day,  and  then  fair 
weather.  When  the  mercury  rifes  gradually  about 
half  a tenth,  and  continues  to  do  fo  for  many  days, 
the  fair  weather  may  be  expeded  to  continue  for 
fome  time,  unlcfs  wind  intervenes,  particularly  from 

the  S.  VV.,  by  S. 
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From  the  Thermometer. 

In  winter,  if  the  cold  diminiflies  fuddenly,  it 
in  general  portends  rain  ; in  fummer,  a fudden 
augmentation  of  heat  is  alfo  a forerunner  of 
rain. 

From  the  Barometer  and  Thermometer. 

If  the  air  in  foggy  weather  becomes  hotter  by 
the  adlion  of  the  fun  alone,  the  fog  generally  diffi- 
pates,  and  the  air  remains  ferene : but  if  the  baro- 
meter falls,  and  the  change  of  temperature  be  from 
a fouth  or  fouth-weft  wind,  the  fog  rifes  and  forms 
iifelf  into  clouds,  and  it's  afcenlion  is  generally  a fign 
of  rain. 

From  the  Barometer,  Hygrometer,  Wind, 
AND  State  of  the  Sky. 

The  barometer  being  high  and  ftationary,  the 
natural  and  fadlitious  hygrometers  indicating  dry  air, 
the  canopy  of  the  Iky  lofty,  and  the  wind  north-eaft- 
erly,  are  the  fureft  figns  of  fettled  fair ; while  a 
light  and  moift  atmofphere,  the  canopy  of  the  fky 
low,  and  a fouth-weft  wdnd,  certainly  portend  a wet 
feafon. 


From  Clouds. 

When  the  clouds  are  formed  like  fleeces  deep 
and  denfe  towards  the  middle,  and  very  white  at 
the  edges,  with  a bright  blue  fky  about  them,  they 
generally  foon  fall  in  hail,  fnow,  or  in  haffy  fliowers 
of  rain.  In  the  north  of  England,  fuch  clouds  are 
called  W'oolpacks. 

There  is  no  fign  of  rain  more  certain  than  two 
different  currents  of  clouds,  efpccially  if  the  under- 

^ - mofl 
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mod  flies  fad  before  the  wind;  when  this  happens 
in  fummer,  there  is  feldom  wind  at  the  time,  and 
thunder  generally  follows.  In  winter  the  light  va- 
pour, or  feud,  as  the  failors  call  it,  often  comes 
rapidly  againd  the  wind,  and  a gale  is  foon  after 
exped ed. 

The  tranfparency  of  the  air  is  to  the  inhabitants 
of  the  Alps  one  of  the  mod  certain  figns  of  rain  ; 
when  the  didant  obje(fls  appear  didind:  and  well 
defined,  w hen  the  Jky  is  of  a deep  blue^  they  confider 
rain  as  near  at  hand,  though  no  other  figns  appear. 
I have  been  informed  by  a gentleman  to  whom  1 am 
under  obligations  for  other  obfervations,  that  this 
dgn,  from  the  tranjparency  of  the  aiVy  is  by  no  means 
local,  1 but  is  often  obfef ved  in  England,  that  in  fuch 
a date  of  the  air,  the  failors  fay  the  land,  or  other 
objed:,  looms  near,  and  exped  bad  w’eather. 

VVhen  the  Iky,  in  a rainy  feafon,  is  tinged  with 
a fea-green  colour,  particularly  near  the  horizon, 
when  it  ought  to  be  blue,  the  rain  will  continue  and 
increafe.  If  it  be  of  a deep  dead  blue,  it  will  be 
diowery  : this  is  more  particularly  found  to  hold  true 
near  the  fea  coad. 

Clouds  of  a fimilar  appearance  produce  thunder 
in  dimmer,  and  fnow  in  winter;  fuch  clouds  are 
broken,  and  irregularly  diaped,  heaped  one  on  ano- 
ther, and  from  their  uncommon  denfity  projed 
towards  the  earth.  After  a thunder  dorm,  if  it  has 
been  of  conliderable  duration,  the  wind  generally 
(if  not  always)  veers  to  the  quarter  from  whence  the 

fil'd  clap  proceeded.  , 

A clofe  fultry  day,  when  the  current  of  air  is 
fcarcely  perceptible,  is  often  fucceeded  by  a change 
In  the  wind. 

The  wind  diifting  from  point  to  point  round 
thecompafs,  generally  denotes  rain.  If,  after  a con- 
tinued rain  from  a muddy  Iky,  the  horizon  appears 

lighter 
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lighter  in  any  quarter,  expedl  the  wind  from  tha^ 
quarter. 

I found  the  following  table  of  the  (late  of  the 
weather  among  my  father’s  papers  ; it  appears  to 
me  worthy  of  attention. 


The  General  State  of  the  Weather  when  the 
Mercury  in  the  Barometer  remains  sta- 
tionary ON  ANY  OF  the  UNDERMENTIONED  DE- 
GREES, 12  OF  WHICH  ARE  EQUAL  TO  AN  EnGLISH 

Inch. 


The  outer  numbers  are  the  correfponding  inches 

and  parts. 


Inch,  parts. 

31 

.92 

•S3 

•75 

.67 

.58 

.50 

.42 

•33 

.25 

-17 

.08 


3^ 

•9^ 


•83 


[6.  Settled,  fine  clear  fky. 

:c.  Summer,  very  warm ; winter,  hard 
froft. 

[4.  Great  drought. 

[3.  Pleafant  ferene  weather, 

12.  Settled. 

II.  Summer,  clofe  and  rainy;  winter^ 
fnow,  and  foggy. 

10.  Clear. 

9.  Rain  or  wind ; winter,  fnow  or  mifi. 

8.  Fine  weather. 

7.  Rain  or  wind. 

6.  Good  but  uncertain  weather. 

5.  Generally  mifty  when  the  thermo- 
meter is  under  60  deg. : otherwife, 
thick,  rain  or  wind ; but  in  fummer 
with  an  eafterly-wind,  clear. 

4.  Good  weather. 

3.  Stormy  with  a north-weflerly  wind 
otherwife,  raw,  hazy,  cloudy  wea 
ther ; in  fummer,  thunder. 

2.  Moderate  weather. 
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Inch,  parts. 


•75 

I. 

.67 

0. 

.58 

I. 

.50 

2. 

.42 

3* 

•33 

4- 

.25 

5- 

•17 

6. 

.08 

7- 

8. 

.92 

9- 

•83 

to. 

•75 

1 1 . 

.67 

12. 

.58 

13- 

.50 

14. 

.42 

H* 

^8.33 

16. 

Rain,  thunder,  wind  ; in  winter, 
with  a northerly  wind,  raw,  cold, 
fnow,  or  mift. 

Variable. 

Moderate ; if  the  wdnd  be  foutherly, 
rain. 

Rain,  wind,  thunder,  hail,  fnow,  See, 
Calm,  but  generally  with  heavy 
clouds. 

Rain,  wdnd,  thunder,  hail,  fnow. 
Tolerably  calm. 

Heavy  rain,  or  wind,  thunder,  hail, 
fnow.  Sec, 

Serene,  though  fonietimes  fogs  o|t 
mifl. 

Stormy;  in  winter,  raifl-. 

Calm  ; in  winter,  thick  fog. 

Heavy  ftorms. 

Calm. 

Stormy. 

Calm,  but  heavy  clouds. 

Half  a hurricane. 

Calm,  w ith  a great  drift  of  feudding 
clouds. 

Violent  hurricane. 


Thus  the  barometer  flood,  the  12th  December, 

r , t 

I 747. 

Thefc  obfervations  were  made  when  the  baro- 
meter was  placed  25  feet  above  the  level  of  the  fea 
or  river  w'aters. 

When  the  mercury  rehs  at  -i  a degree,  cx- 
ped  variable,  or  a mixture  of  that  weather  ex- 
prdTcd  by  the  degree  above  and  bdow'  it, 
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Of  the  Sup'erioritv  of  the  ,JJ; 

misphere  over  the  Southern  from  t.ie  Rev. 
Mr.  Jones’s  Physiological  Disquisitions. 

The  fuperiority  of  the  northern  hemifphcrc  of 
the  world,  above  the  fouthern,  is  very  manildt. 
has  more  land,  more  fun,  more  heat,  mo  e light, 

more  “■'1^*  of Te^  heoti- 

Tph^rertlfaT is -.  t^^and  which  lies  on  the  other  fide 
of  the  cquinoaial  line,  does  not  amount  to  one 
fourth  part  of  what  is  found  on  the  north  iidc.  . 

The  fun,  by  rcafon  of  the  excentncity  of  the 
earth’s  orbit,  and  the  fituation  of  the  aphcdion 
makes  our  fummer  eight  days  longer  than  the  fum 
mer  of  the  other  hemifphere  ; whicn,  in  the  fpace 
of  four  thoufand  years,  (tor  fo  long  it  is  iince  a y 
univerfal  change  has  taken  place  m the  earth)  amount  ^ 
to  upwards  of  eighty  feven  years  ; much  moic 

fun  nas  this  hemifphere  enjoyed  than  the  other.  Wl  at 
effects  may  have  lieen  anfing  gradually  in  all  that 
time,  vve  cannot  afeenam  ; but  luch  a caule  can- 
not have  been  without  it’s  effect : and  I think  it  is 
allowed,  that  the  temperature  ot  the  eaith  and  atmo- 
fpi-icre,  in  the  highell  latiLti  les  ot  the  north,  ^is  much 
more  mild  and  moderate  than  in  the  corrc.pondent 
latitudes  of  the  fouth.  The  dreary  tace  ot 
land,  with  the  weather-beaten  Cape  of  Sotith-Ame- 
rica,  a climate  lo  fevere  as  tcarccly  to  admit  of  any 
human  inhabitants,  is  no  nearer  to  the  pole  than  the 
northern  counties  of  England : bm  the  difference  m 
the  atmofphere,  and  in  the  afped  ot  the  earth,  is 
almoft  incredible  ; and  this  is  the  more  remarkable 
becaufc  there  is  no  mountainous  country  betvvixt 
that  and  the  pole  to  account  tor  the  icy  blafts  that 

prevail  there.  ^ ^ ^ 
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But  it  is  alfo  further  obfervablc,  that  the  nor. 
thcrn  hcmifphcre  IS  better  provided  for  by  nicht  as 
M ell  as  by  day,  1 he  (lars  of  fuperior  magnitudes 
are  niuch  more  numerous  on  this  fide  the  equinoc- 
tial than  on  the  other:  we  have  nine  ftars  of  the 
1 niagnitude,  and  they  but  tour ; and  the  Bars  of 
t e real  Bear,  fo  confpicuous  in  this  hemifpherCj 
nave  nothing  to  equal  them  about  the  other  pole.' 
VV  hen  the  fun  is  remote  from  us  in  the  winter,  our 
ongcli  nights  arc  illuminated  by  theprincipal  flars 
of  the  firmament ; when  the  fun  enters 'Capricorn  ' 
there  comes  to  the  meridian,  aboLg  midnight,  the 
Mifole  confieJlation  of  Orion,  the  brightefi:  in  the 
heavens,  containing  two  flars  of  the  firft  magni- 
^ tude,  four  of  the  fecond,  and  many  others  of  infe- 
rior fizes ; and  upon  the  meridian,  or  near  it,  there 
are  four  more  flars  of  the  firfl  magnitude^  Capella, 
Sirius,  Procyon,  and  Aldebaraf^.  No  other  portion 
of  the  heavens  affords  half  fo  much  illumination  ; 
and  it  is  exadlly  accommodated  to  our  midnight, 
when  the  nights  ^re  longcft  and  darkefl;  If  the 
mid-winter  of  the  fouthern  hemifphere  be  com- 
pared, the  inferiority  of  the  nodurnal  illumination 
is  wonderful. 

Though  it  will  carry  us  a little  beyond  the 
bounds  of  phylics,  the  parallel  is  fo  glaring  be- 
tween the  natural  and  intellectual  fuperiority  of 
this  part  of  the  world,  that  your  time  will  not  be 
loft  while  we  refleCt  upon  it.  'Here  the  arts  of 
Avar  and  of  peace  have  always  flourifiied;  as  if  this 
part  of  the  globe  had  been  allotted  to 'a  fuperior 
race  of  beings.  Afia  and  Europe,  from  the  re- 
motefl  times,  have  been  the  feats  of  fcience,  litc- 
raruie,  eloquence,  and  military  power;  compared 
with  which,  the  fouthern  regions  have  ever  been, 
as  we  now  find  them,  beggarly  and  barbarous  ; pof- 
felfcd  by  people  ftupid  and  infcnfibJe,  illiterate^ 
and  incapable  of  learning.  Whem  arc  the  pocts,^ 

tjie 
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the  hiflorians,  the  orators,  the  philofophcrs,  of  the 
fouthern  world  ? We  may  as  well  fcarch  for  the 
fciences  amongfl  the  beads  of  the  wildernefs. 

All  the  inventions,  by  which  mankind  have 
done  honour  to  themfelves  in  every  age,  have  been 
confined  to  this  fide  of  the  world.  Here  the  ma- 
thematical fciences  have  flourifiied  i printing  has 
been  found  out;  gun-pow'der  and  fire-arms  invent- 
ed; navigation  perfected  ; magnetifm  and  ele(5lri- 
city  cultivated  to  the  aftonifiiment  of  the  wdfeft; 
and  philofophy  extended  by  experimental  inquiries 
of  every  kind.  There  would  be  no  end,  if  we  were 
to  trace  this  comparifon  through  every  improve- 
ment ; for  here  we  have  every  thing  that  can  adorn 
human  life,  and  there  they  have  nothing. 

But  the  difference  is  mod:  confpicuous,  when 
W’e  compare  the  north  and  fouth  in  point  of  rW/- 
gton  ; to  which,  indeed,  that  pre-eminence  is  owing 
on  our  JiaCy  w'hich  has  extended  to  every  branch  of 
focial  civilization  and  intellecdual  improvement. 
It  is  notorious  at  this  day,  that  arts  and  learning 
douridi  to  the  highed  degree,  in  thofe  countries 
only  that  are  enlightened  by  chridianity,  and  no 
where  fo  much  as  in  this  kingdom,  where  that  re- 
ligion is  edablidied  in  it’s  pured  form.  May  it  long 
continue  1 and  may  we  know'  our  own  felicity  in 
the  enjoyment  of  it  ! lor  religion  is  undoubtedly 
the  fun  that  gives  light  to  the  mind  ; the  vital  fpi- 
‘ ric  that  animates  the  human  underdanding  to  it’s 
highed  atchievements  ; though  many  have  been  in- 
debted to  it,  without  being  fenlible  of  their  obli- 
gation, or  without  confcfling  it;  and  others  have 
turned  againd  it  that  light  which  they  borrowed 
from  itfelf. 

The  northern  hemifphcre  then,  w'hatcver  pre- 
ference it  may  have  in  a phyfical  capacity,  has  been 
much  m.ore  honoured  by  the  fuperior  advantages 
Ut  learning  and  religion : here  knowledge  fird 

began 
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began  to  be  diffufed,  and  the  world  itfelf  was  firil 
inhabited,  in  the  fineft  climates  of  the  earth,  which 
are  about  the  latitudes  36°,  &c.  north  : here  the 
church  was  firfl  fettled;  and  the  Hebrew  nation, 
rifing  by  degrees  till  the  reign  of  Solomon,  formed 
a wife,  wealthy,  and  fplendid  kingdom,  long  before 
the  powers  of  Greece  and  Rome  were  heard  of: 
here  the  light  of  chrihianity  was  afterwards  ma- 
nifefled,  and  with  it  the  lights  of  learning  have 
been  extended  to  parts  where  they  w'ere  never 
known  before,  till  both  of  them  reached  to  the 
iitmoft  boundaries  of  the  weft,  in  the  once  un^* 
know-n  regions  of  the  Atlantic  world. 

Conclusion, 

I have  now'  finifhed  my  courfe  of  Lectures,  and 
have  given  you  a general  view  of  the  principal  phe- 
nomena in  nature  ; nor  have  I been  inattentive  to  the 
difeoveries  made  therein  by  man.  I have  endea- 
voured to  point  out  the  abufe  that  may  be  made 
of  phyfical  inquiries,  and  to  guard  you  againft  the 
errors  by  which  they  may  be  perverted,  and  rendered 
a prop  to  fupport  the  weak  fabric  of  infidelity  and 
falfehood.  From  thefe  Ledures  it  evidently  appears, 
<i  That  man  is  compofed  of  two  substances, 
of  which  one  perceives  per ce rued  hy 

the  fenfes  ; and  the  other  is  perceived  without  having 
2.ny  perception  in  itfelf.  2dly,  That  man,  in  his 
prefent  Rate,  can  perceive  nothing  more  of  the  uni- 
Urse  than  what  is  tranfmitted  to  him  by  his  organs, 
whofc  faculties  are  very  limited,  adly.  That  there 
are  evidently  efihas  perceptible  by  man,  which  are 

occafioned  by  BEINGS  that  he  cannot 

That  man,  only  of  one  fenfe,  would  have 

been  ignorant  of  the  greater  part  ot  what  he  knows 
of  the  universe,  namely,  ot  entire  clalfcs  ot  be- 
ings, and  of  the  rclationji  of  thefe  beings  to  eactu 
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other,  and  to  thofe  with  v/hich  he  is  acquainted. 
5thly,  and  lalily,  By  every  rule  oi  analogy,  and  from 
many  phenomena,  it  is  highly  probable,  that  there 
exilt  many  claffes  of  beings,  related  to  each  other, 
and  to  MAN,  which  he  cannot  in  his  prefent  Itate 
ferceive"'* 

The  fpi ritual  powers  of  man  are  roufed  into 
adlion  by  the  medium  of  the  fenfes.  His  underftand- 
ing  explains  itfelf  by  the  perceptions  the  fenfes 
tranfmit ; fo  that,  notwithdanding  the  extent  of  his 
powers,  he  can  make  no  progrefs  in  matters  higher 
tfian  fenfe,  unlefs  he  take  the  creation  for  his  Idlbn, 
and  the  omnifeient  Creator  for  his  preceptor.  It  is 
therefore  weak  and  perverfe  in  him,  without  the  very 
elements  of  knowledge  in  his  head,  to  defert  luch 
a wife  and  kind  inftrudor,  and  then  fet  up  for  an 
independent  difeoverer.  Put  the  philofophcr  to  the 
trial,  who  pretends  to  know  fo  much  of  a Deity 
without  allowing  him  to  difeover  himfelf  and  ex- 
plain his  own  works,  and  you  will  foon  fee  the  wife 
man’eonfounded  by  his  ownwifdom.  If  this  w^anred 
proof,  I need  only  mention  the  writings  of  Helve- 
tius,  Voltaire,  Diderot,  De  la  Metrie,  and  the  whole 
fchool  of  Condorcet. 

In  contradidlion  to  thefe  men,  I have  endea- 
voured to  flicw  that  philofophy  is  illuftrated,  and 
juft  views  of  nature  are  exhibited  by  the  facred 
writings.  What  indeed  can  we  think  of  thofe  who 
w^ould  have  us  believe  they  credit  the  feriptures, 
while  they  take  upon  them  to  corred  it’s  ftile  as  not 
philofophically  juft?  who  would  have  us  believe, 
that  He  who  holds  all  nature  in  his  hand,  does  not 
know  how  to  accommodate  his  dortrincs  to  the 
capacities  of  the  vulgar,  without  fpeaking  with 
philofophical  impropriety  of  his  own  works?  Will 

they^ 
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they,  indeed,  teach  Him  to  fpeak,who  gave  a mouth 
to  man,  whofe  word  was  I'uiTidcnt  to  caufe  the 
mighty  fun  to  fhinc,  and  daily  diffufe  his  treafurcs  of 
light  around  the  heavens.,  irradiating  the  fliifting 
hemifpheres  of  the  revolving  earth,  and  at  whofe 
command  it  is  furrounded  by  the  liquid  air?  Shall 
the  writings  of  men  have  excellencies  in  our  eyes, 
and  his  have  no  beauty,  who  hath  meted  out  the 
heavens,  who  knoweth  the  ballancing  of  the  clouds, 
and  by  w hofe  know  ledge  the  deeps  are  broken  up  ? 

Both  HIS  word  and  his  works  prove,  that  he 
has  employed  and  difplayed  infinite  wifdom,  power, 
and  goodnefs,  in  the  creation  of  this  univerfe  ; that 
HE  has  with  ftupendous  artifice  flored  our  globe  with 
every  thing  neceffary,  not  only  for  the  fupport,  but 
for  the  felicity  of  man;  all  his  works  are  flamped 
with  the  charaders  of  the  infinite  perfedions,  and 
overflowing  goodnefs  of  the  Author.  He  has  given 
to  man,  and  to  him  alone,  a capacity  to  be  enter- 
tained with  the  magnificence,  the  beauty,  the  har- 
mony, and  the  order  of  the  univerfe  ; and  has  fo 
moulded  his  heart  and  fpirir,  as  to  make  pleafure 
attendant  on  admiration,  and  love  and  gratitude  the 
neceflary  companions  of  the  fenfe  of  favours  re- 
ceived. 

Let  us  then  praife  the  God  of  heaven,  from 
whom  we  have  received  fo  much,  whofe  mercy  is 
extended  over  all. 

Let  every  thing  that  hath  breath  praife  him ; 
and  let  man,  the  pride  of  the  creation,  offer  up  a 
facrifice  of  thankfgiving  unto  the  Most  High, 
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